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This  publication  contains  a  teaching  guide  and 
student  instructional  materials  for  conducting  a  high  school  or  adult 
vocational  education  course  to  train  persons  to  perform  duties  as  an 
aircraft  environmental  systems  mechanic.  Course  content  has  been 
adapted  from  a  military  course.  The  instructional  design  for  this 
course  is  self -paced  and/or  small  group-paced.  Instructor  materials 
contained  in  the  course  guide  include  lesson  plans  detailing  training 
equipment  needed,  training  methods,  multiple  instructor  requirements, 
and  instructional  guidance.  The  student  material  includes  a  workbook 
and  programmed  texts  with  review  exercises.  A  bibliography  and 
glossary  of  terms  are  provided  to  aid  both  teacher  and  students.  The 
course  includes  information  on  organizational  and  field  maintenance 
of  aircraft  pressurization ,  air  conditioning,  and  air  starter 
systems,  and  life  raft  inflation  equipment.  The  course  is  composed  of 
four  parts  (see  note).  Block  I  (contained  in  this  document)  is 
composed  of  24  lessons  requiring  115  hours  of  instruction.  Topics 
covered  include  safety;  aircraft  familiarization;  physics;  electron 
theory;  magnetism;  DC  generation  and  basic  circuit  symbols  and  terms; 
wiring  diagram  fundamentals;  control  and  protective  devices; 
multimeter;  Kirchoff's  cu-rent  and  voltage  laws;  Ohm's  law;  circuits; 
alternating  current;  capacitance;  inductance;  AC  and  DC  motors  and 
control  circuits;  solid  state  devices;  magnetic  amplifiers;  and 
trainer  aircraft  air  conditioning  system.  (KC) 
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MILITARY  CURRICULUM  MATERIALS 

The  nu.^SN|fy-"c3eveloped  curriculum  materials  in  this  course 
package  were  selected  by  the  National  Center  for  Jtesearch  in 
Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies,   Hie  purpose  of 
disseminating  these  courses  was  to  make  curriculum  materials 
developed  by  the  military  more  accessible  to  vocational 
educators  in  the  civilian  setting, 

Hie  course  materials  were  acquired ,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepared  for 
dissemination.   Materials  which  were  specific  to  the  military 
were  deleted,  copyrighted  materials  were  either  omitted  or  appro- 
val for  their  use  was  obtained.   These  course  packages  contain 
curriculum  resource  materials  which  can  be  adapted  to  Support  * 
vocational  instruction  and  curriculum  development  • 
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The  National  Center 
Mission  Statement 


The  National  Center  for  Research  in 
Vocational  Education's  mission  is  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educational  prob- 
lems relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  by: 

•  Generating  knowledge  through  research 

•  Developing  educational  programs  and 
products 

•  Evaluating  individual  program  needs 
and  outcomes 

•  Installing  educational  programs  and 
products 

•  Operating  information  systems  and 
services 

•  Conducting  leadership  development  and 
training  programs 

FOR  FURTHER  INFORMATION  ABOUT 

Military  Curriculum  Materials 
WRITE  OR  CALL 

Program  Information  Office 

The  National  Center  for  Research  in  Vocational 

Education 
The  Ohio  State  University 
19F0  Kenny  Road,  Columbus,  Ohio  43210 
Telephone:  614/486*3655  or  Toll  Free  800/ 
848-4815  within  the  continental  U.S. 
4      (except  Ohio) 


Military  Curriculum 
Materials  for 
Vocational  and 
Technical  Education 


Information  and  Field 
Services  Division 


The  l.'atioml  Onler  (or  ncr.oarch 
in  Voc?tionnl  Education 


Military 

Curriculum  Materials 
Dissemination  Is  . . . 

L^.,  -.^^  ^  j  -  i 


an  activity  to  increase  the  accessibility  of 
military-developed  curriculum  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  pririt 
form  from  the  Coast  Guard,  Air  Force,, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curriculum  materials  is 
provided  through  a  "Joirit  Memorandum  *f 
Understanding"  between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff . 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  arid  tech-  ( 
nical  education  are  selected  foV  dissemination. 

The  National  Center  for  Research  in 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designated  representative  to 
acquire  the  materials  and  conduct  the  project 
activities.  m 

Project  Staff: 

Wesley  E.  Budke,  Ph.D.,  Director 
National  Center  Clearinghouse 

Shirley  A.  Chase,  Ph.D. 
Project  Director 


What  Materials 
Are  Available? 


How  Can  These 
Materials  Be  Obtained? 

fL^*^l.*JuJ.j*,Li        it  ,\   j   ^  J 


One  hundred  twenty  cojrses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
each  Have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation: 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you. 


Course  materials  intlude-  .programmed 
instruction;  curriculum  outlines,  instructor 
guides,  student  wouoooks  apd  technical 
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Course  Description 

The  instructional  design  for  this  course  is  self-paced  and/or  sm^ll  group  paced.  This 
course  trains  personnel  to  perform  duties  as  an  Aircraft  Environmental  Systems  Mechanic.  ) 
It  includes  organizational  and  field  maintenance  of  aircraft  pressurization,  air  conditioning, 
and  air  starter  systems,  and  life  raft  inflation  equipment. 

Block  I    -    Fundamentals  contains  24  lessons  requiring  115  hours  of  instruction. 

These  are:    safety;  aircraft  familiarization;  physics;  electron  theory; 
magnetism;  DC  generation  and  basic  circuit  symbols  and  terms;  wiring 
diagram  fundamentals;  control  and  protective  devices;  multimeter:  Kirchoff's 
current  law;  Kirchoff's  voltage  law;  Ohm's  law;  series  circuits;  parallel 
circuits;  series-parallel  circuits;  switching  circuits;  DC  motors  and 
control  circuit;  temperature  control  -circuits;  alternating  current; 
capacitance;  inductance;  AC  motors  and  control  circuits;  solid  state 
dfevices;  magnetic  amplifiers;  and  trainer  aircraft  air  conditioning  system. 

Block  II       -    Air  Conditioning  Systems  ponsists  of  8  lessons  convering  124  hours  of 
instruction.    These  are:  fighter  cabin  air  conditioning  system;  rain 
removal  system;  equipment  air  conditioning  system;  temperature  control 
v      system  tester;  bomber  air  conditioning  system;  decade  resistor  functions  and 
windshield  amplifier  bench  check;  cargo  bleed  air  and  anti-icing  system; 
and  cargo  air  conditioning  system. 


Block  III      -    Aircraft  Environmental  Systems  Units  contains  13  lessons  cover^g  102 

hours  of  instruction.  *  These  are  the  following:  tools,  hardware,  safetying 
devices,  and  wi^e  repair;  maintenance  of  moisture  separator^ -maintenance 
of  bleed  air  distribution  ducting;  air  turbine  motor    maintenance;  turbine 
refrigeration  devices;  advanced  fighter/bomber  air  source  control  system; 
advanced  fighter/bomber  air  conditioning  system;  advanced  fighter/bomber 
windshield  clearing  system;  maintenance  of  air  control  units;  atrti-G 
suit  system;  canopy  seal  system;  pressurization  systems;  and  cabin  pressure 
leakage  check.  1 

Block  IV       -    Utility  Systems  and  Flight  Line  Mairtenance  consists  of  9  lessons  requiring 
114.5  hours  of  instruction.    These  lessons  are  entitled:* gaseous  O2  systems; 
liquid  O2  systems;  liquid  refrigeration  systems  and  components;  inspection 
maintenance  of  O2  systems  (liquid);  cryotainer  systems  maintenance;  liferaft 
inflatiop  equipment,  fire  extinguisher  system  maintenance;  flight  line 
maintenance  -  inspections;  and  flight  line  maintenance;  removal  and  ^ 
replacement  of  system  components*.  j 

This  course  contains  both  teacher  and  student  materials.     Printed  instructor  materials 
include  plans  of  instruction  detailing  training  equipment  needed,  training  methods, 
multiple  instructor  requirements  and  instruct ional  guidance.     The  student  material 
includes  workbook,  and  programmed  texts  with  review  exercises.'    A  bibliography  and 
glossary  of  terms  have  been  provided  to  aid  both  the  instructor  and  the  student. 
In  Blocks  I  and  III,  lessons  on  Orientation,  Security,  Progression  ir  Career  Field*, 
Maintenance  Management,  and  the  Technical  Order    Publications  Systems  have  been 
deleted  because  of  military  specific  materials. 
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TABLE  OF  COtffgBTS 


Block  Page  1 

I.    Fundamentals  225 

II.    Air  Conditioning  Systems  -1253  / 

/  *  % 

III.    Aircraft? Environmental  Systems  Units  1850 

IV.    Utility  Systems  and  Flight  Line  Maintenance  2628 
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NOTE:    Lessons  1-3  of  Block  I  and  Lessons  1-2  of  Block  III  have  been 
deleted'  because  of  military  specific  materials. 
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COURSE  CHART 

NUMttR 

POt  00  oc 

OATC 

ANZ 

29  September  1978 

cog nat  T1TLK 

Aircraft  'Environmental  Systems  Mechanic 

ftJ^tMIOIS  CD'  RSf  CNMT 

3ABR42331,  20  October  19/6 

CCMTCR/D^P^RTMINT/OPOUP 

Chanute/3370  TCHTG 

APPL1CA»CC  TRAINING  STANDARD 

£TS  423X1,  September  1978 

OPR  AMD  APPROVAL  OATC 

COU KSC  SCCUMTY  CLA 

tart  CATION 

Chanute/TTGXS,  13  October  1978 

UNCLASSIFIED 

INSTRUCTIONAL  DESIGN 

Self-Paced 


LOCATION  Or  TRAINING 

Chanute  AFB  IL  61868 


T ASL  C  ATTACHMENTS 

II 


COURSE  LCNOTH  (. 


70" 


,  AC  A  0  Oil  C  DAYS     (VART1MC  COURSE  LKNtfT*. 


70 


.ACAOIMIC  DAYS 


Ttchnicil  Training 
Mint,  y  Traininl 

TOTAL 

*Course  conducted  6  days  per  week 


HOURS 


508 
52 
560 


REMARKS 

Effective  Date:    17  October  1978  with  Class  781017 

Previous  classes  will  Ve  continued  with  Course  Chart  3ABR42331,  20  October  1976 
This  course  is  conducted  on  an  8-hour  training  day 


  ;      -    ,  4  ;   

TABLE  I  2  MAJOR  ITEMS  OP  EQUIPMENT 

Trailing  -Equipment:    Gaseous  Oxygen  Systems  Trainers,  Liquid  Oxygen  System 
Traiuers,  Air  Conditioning  System  Trainers,  Temperature  Control  System  Trainers, 
Environmental  Systems  Trainer,  Aircraft  Hardware  Trainers,  Fire  Extinguishing 
Trainefv Air  Turbine  Motor,  Bridge  circuit  Trainers,  AC  Valve  Control  System 
Tr    ners>QP  Reversible- Motor  Trainer,  Electrical  Pneumatic  Components,  Test  Stanc 
Trainers;  Rain  Removal  System  Trainers,  Electrical  Fundament     s  Trainers,,  Handtoo] 
Trainers,- Wire  Maintenance  Trainer,  Anti-G  Valve  Trainer,  Torque  Wrench  and  Safety 
Wire  Trainer," Carbon-  Dioxide  Recharging  Unit,  Scales,  Hot  Purge  Units  Vacuum  Pump 
Aircraft,  Cryotainer'  Storage  Tanks. 

Test  Equipment:    Multimeters,  Flow  Meters,  Cockpit  Pressure  Leak  Testers,  Tempera- 
ture Control  System  Testers,  Anti-G  Suit  Valve  Tester,  Oxygen  Regulator  Testers, 
Adapter  Cabin  Temperature  Teste*,  Liquid  Oxygen  Converter  Tester,  Liquid  Oxygen 
Capacitance  System  Tester,  Sonic  Leak  Detector,  Ignitor  Circuit  Tester,  Oxygen 
System  Master  Test  Gage,  Decade  Box,  Vacuum  Micron  Gage, 
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COURSE  CHART  C3ABR42331  TABTE  II  TRAINING  CONTENT 

Course  Material  -  UNCLASSIFIED  153  Hours 

BLOCK  I  -  Fundamentals 

Orientation  (6.5  hrs);  Security  (2  hrs);  Progression  and  Duties  of  the 
Aircraft  Environmental  Systems  Career  Field  (2  hrs) ;  Safety  (3  hrs) ; 
Aircraft  Familiarization  (3  hrs);  Physics  of  Solids,  Liquids  and  Gases 
(1.5  hrs);  Electron  Theory  (4.5  hrs);  Magnetism  (2.5  hrs).;  DC  Generation 
and  Basic  Circuit  Symbols  and  Terms  (3  hrs);  Wiping  Diagrams  (3.5  hrs); 
Control  and  Protective  Devices  (2  hrs);  Multimeter  (12.5  hrs);  Measure- 
ment and  Critique  (1.5  hrs);  Kirchoff's  Current  Law  '2.5  hrs);  Kirchoff's 
Voltage  Lav  (2.5  hrs);  Ohm's  Law  (2.5  hrs);  Series  Circuits  (3  hrs)j 
Parallel  Circuits  (3  hrs);  Series-Parallel  Circuits  (15  hrs);  Switching 
Circuits  (3  hrs);  DC  Motors  and  Control  Circuits  (8.5  hrs);  Temperature 
Control  Circuits  (10  hrs);  Alternating  Current  (1  hr) \  Capacitance 
(0.5  hr);  Inductance  (0.5  hr);  AC  Motors  and  Control  Circuits  (10  hrs); 
Solid  State  Devices  (1.5  hrs);  Magnetic  Amplifiers  (4  hrs))  Trainer 
Aircraft  Air  Conditioning  System  (12,5  hrs) ;» Measurement  and  Critique 
(1.5  hrs);  Military  Training  (24  hrs). 

(Equipment  Hazards  and  Personnel  Safety  Integrated  With  Above  Subjects) 


Course  Material  -  UNCLASSIFIED  13>  Hours 

BLOCK  II  -  Air  Conditioning  Systems 

Fighter  Cabin  Air  Conditioning  Systems  (24  hrs);  Rain  Removal  Systems 
(13  hrs);  Equipment  Air  Conditioning  System  (16  hrs);  Temperature  Control 
System  Teste?  (7  hrs);  Measurement  and  Critique  (1.5  hrs);  Bomber  Air 
Conditioning  liystem  (24  hrs);  Decade  Resistor  Functions  and  Windshield 
Amplifier  Bench  Check  (2  hrs);  Cargo  Bleed  Air  and  Anti-Icing  System 
(18  hrs);  Cargo  Air  Conditioning  Sys.em  (22  hrs);  Measurement  and 
Critique  (1.5  hrs);  MT  (6  hrs). 

(Equipment  Hazards  and  Personnel  Safety  Integrated  With  Above  Subjects) 
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COURSE  CHART  C3ABR42331  TABLE  II   TRAINING  CONTENT 

Course  Material  -  UNCLASSIFIED  141  Hours 

BLOCK  III  -  Environmental  Systems  Units  ' 

Maintenance  Management  (15  hrs);  Technical  Order  Publication  Syatems 
(12  hrs);  Tools,  Hardware,  Safetying  Devices  and  Wire  Repair  (18  hrs); 
Maintenance  of  Moisture  Separators  (3  hrs);  Maintenance  of  Bleed  Air 

^  Distribution  Ducting  (3  hrs);  Turbine  Refrigeration  Devices  (3  hrs); 

*  Advanced  Fighter-Bomber  Air  Source  Control  System  CU  hrs);  Advanced 
Fighter-Bomber  Air  Conditioning  System  (15  hrs);  Me*-  :  and 

Critique  (2  hrs);  Advanced  Fighter-Bomber  Windshio         .*j,ing  System 
(10  hrs);  Maintenance  of  Air  Control  Units  (14  hrs);  ^pti-G  Suit 
System  (2  hrs);  Canopy  Seal  System  (4  hrs);  Pressurisation  Systems 
(12  hrs):  Air  Turbine  Motor  Maintenance  (3Tirs);  Cabin  Pressure 
Leakage  Check  (4  hrs);  Measurement  and  Critique  (2  hrs);  MT  (8  hrs). 

(Equipment  Hazards  and^ersonnel  Safety  Integrated  With  Above  Subjects) 


Course  Material  -  UNCLASSIFIED  131  Hours 

BLOCK  IV  -  Utility  Systems  and  Flight-Line  Maintenance 

Gaseous  Oxygen  Systems  (4  hrs);  Liquid  Oxygen  Systems  (4  hrs);  Inspection 
and  Maintenance  of  Liquid  Oxygen  Systems  (16  hrs);  Cryotainer  Systems 
Maintenance  (24  hrs);  Life  Raft  Inflation  Equipment  (5.5  hrs);  Fire 
Extinguisher  System  Maintenance  (8  hrs);  Liquid  Refrigeration  Systems  and 
Components  (13.5  hrs);  Measurement  and  Critique  (1.5  hrs);  Flight-Line 
Maintenance,  Inspection  (16  hrs);  Flight-Line  Maintenance,  Removal  and 
Replacement  of  System  CompotffeQts  (24  hrs);  Course  Critique  and  Graduation 
(0.5  hr);  MT  (14  hrs). 

(Equipment  Hazards  and  Personnel  Safety  Integrated  With  Above  Subjects) 


3 


13 


PLAN  OF  INSTRUCTION 
(Technical  Training) 


AIRCRAFT  ENVIRONMENTAL  SYSTEMS  MECHANIC 


POI  3ABBU2331 
(FSS  God*  ANZ) 


CHAHUTB  TBUHHICAL  TRilHIBG  CEKPER  (ATC^ 
17  October  1978  -  4ffeotive  17  October  1978  with  claae  781017 


ERIC 


OMOLITIS  ATC  FORMS  214,  MAY  %$,  S22,  NOV  «3  AND  523,  MA*.  71. 
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STANDARD  COVCRSHBET 


DXPlBDOPfT  OF  1SI  AIR  FORCE  PUN  Of  IKSWTOCTIOE  C3aBRU2331 

Dsputate  for  Technical  Training  (Arc)  flW  wKS 

Chanute  Air  Foroe  Base,  Illinois  61868  ; 

FOREWORD 

1 .  PURPOSE.   This  publication  is  the  plan  of  instruction  (POI)  whan  the  pages 
shown  on  page  A  are  bound  into  a  tingle  doouaant.   The  POI  prescribes  the 
qualitative  requirenente  for  Course  Number  03*281*2331 ,  Airoraft  Environmental 
Srsteaa  Mechanic  in  terns  of  criterion  objectives  and  teaching  steps  presented 
by  units  of  instruction  and  shows  duration,  correlation  with  training  standard, 
and  support  materials  and  guidance.-  When  separated  into  units  of  instruction, 
it  beooass  Part  I  of  the  lesson  plan.   This  POI  was  developed  under  the  previ- 
sions of  API  50-8,  Instructional  System  Development,  and  ATCR  52-7,'  Plans  of 
Instruction  and  Lesson  Plans. 

2.  COURSE  DBEai/M8CHIPTI0H.   The  instructional  design  for  this  course  is 
■elf  -paced  and/or  small  group  paced.    This  course  trains  personnel  to  perform 
duties  prescribed  In  AIM  39-1  for  Airoraft  Environmental  Systems  Mechanic, 
A*SC  U2331 .  -It  includes  organizational,  and  field  maintenance  of  airoraft 
preesurisation,  air  conditioning  (heating,  cooling,  humidity  control,  etc), 
engine  bleed,  air,  oxygen,  anti-icing,  defogging,  fire  extinguishing,  air  turbine, 
and  air  starter  systems,  and  life  raft  inflation  equipment.    In  addition,  re- 
lated training  is  provided  on  driver  education,  supplemental  military  training, 
troop  Information  program*,  commander'  a  calls /brief ings ,  etc.    The  student  will 
not  necessarily  complete  training  as  programmed.    Sequence  changes  are  required 
to  expedite  student  progress.   Multiple  Instructor  Requirements  are  based  on 
Manpower  Course  Evaluation  Data  Sheets  dated  11  August  1978. 

3.  THAtflXBu  SQuTPNEm1.   The  number  shown  in  parentheses  after  equipment  listed 
as  Training  Equipment  under  SUPPORT  MATERIALS  AND  GUIDANCE  is  the  planned  number 
of  students  assigned  to  each  equipment  unit. 

U*  EEFEBEBCES.  This  plan  of  instruction  is  based  on  Specialty  Training  Standard 
U23X1,  September  1978  and  Course  Chart  C3ABHL2331,  29  September  1978. 

FOR  THE  C&MAHDBR 


Ji,  JR.,  Colonel^ 


r,  3370  Technical  Training 

Group 


Supersedes  Plan  of  Instruction  3ABE1*2331,  22  December  1976 
QPRi    3370  TGRTG 
DISTRIBUTION!    Listed  on  Page  A 
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1                                    PLAN  OF  INSTRUCTION/LESSON  PUN  PART  1 

MAUI  of  miT micro* 

covpii  titl*  (nodular  Self-?acedj 
Aircraft  Environmental  Systems  Mechanic 

WC5S*  gggW  TITLI 

I  Tondamentals 

x                                                    COUMSI  CONTENT 

*  TIM! 

U.  Safety 

a.  Select  the  safe  work  habits  and  procedures  consistent  with 
shop  and  flight  line  safety  with  a  minimum  of  80#  accuracy.    STS:  3a 
Meas:  V 

b.  Select  the  two  required  pro  tec  tire  devices  used  for  protection 
from  high  intensity  sound  hazards.    STS:    3b     Me  as:  V 

c.  Select  general  housekeeping  procedures  which  are  consistent 
with  shop,  flight  line  and  Tire  protection  **ith  a  minimum  of  80% 
accuracy.    STS:    3c     Meas:  V 

d.  Select  the  marid     that  is  applicable  to  radioactive  parts 
and  materials,    STS:    Jd     Me  as:  ¥ 

e.  Select  the  protectee  measures  used  against  radiation  hazards 
i^*h  a  minimum  nt  fif^  «^rni*»/*y-    STSs    Jo     Me  as:  v 

f .  Select  the  protective  measure  used  against  high  frequency 
transmission  equipment.    STS:   Jf     Meas:  V 

g.  Select  the  safety  precautions  that  will  be  observed  while 
working  awuod  danger  areas  with  a  minimum  of  8096  accuracy.    STS:  3g 
Meas:  V 

tiOTe:  A/umfctfS  '-3       6/ock  X  UsJ*  0/*;fW 
because  err  flf'irtry  spctiTi 

I 

3 

1 

> 

* 

SUP  CRVt  90S  APPRO  VM.  OP  L  ES50V  PLAN  (PAST  it) 

SISNATUftl  AND  DAT! 

SaONATURt  AND  OATt 

Of  fNtTHUCTtON  NU«M*  °*T* 

3ABRi£331                                17  October  1978 

P*Q*  MO. 

7 

ATC  W3  MtviouitomomtoMotsTt 


ERJC  10 


|/0  UAH  OP  IMTWCTIOH/LtSSOH  PLAN  PAKT  I  (C««Hmm«U«  M 

COUSSI  COWTIMT 

SUPPORT  MATERIALS  AKD  GUIDANCE 

Student  Instructional  Materials 
3ABBU2331-PT-10U  (3iHBU2331-PT-l02)  Safety 

Self-Ins truotion  (3  hrs) 


Instruction  ftfl^ 

The  instructor  will  instruct/supervise  the  student  class  study  period, 
continually  administer ,  evaluate,  and  critique  appraisals  as  each  student 
progresses,  record  attendance,  insure  student  has  correct  module  materials, 
record  student  progress,  maintain  each  students  ATC  t$6  record,  counsel  student 
as  needed  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  class.    Each  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  pbjective(s).    The  instructor  will  pick  up  all  reusable  training 
literature  from  the  atudent(s)  as  feasible.    Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources.    The  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 


*va*  or  wrmjcTto* 


MO. 


3ABBU2331 


DAT! 

17 


October  107ft 


pass  mo. 


ATC    m  133A 


MCMLACti  ATC  rO*M8  OTA,  MAM  /I,  AMO  T70A.  AUG       WMICM  WILL  St 
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' '                                   PLAN  OP  INSTRUCTION/LESSON  PLAN  PART  1 

rant  totwctoi 

wwmT,T"  (Modular  Self-Paced)  w  ^ 
Aircraft  torironmental  Systems  Mechanic 

■cock  NuUltM                  «.oac  titui 

I                      fundamental  a 

-      1     '                                        COURSI  CON  TINT 

5.   Aircraft  familiarization 

a.  Select  elements  used  to  make  up  the  aircraft  designation 
system  with  a  minimum  of  80#  accuracy.    STSt    £af  £b     Me  as:  W 

b.  Select  the  tense  and  elements  of  the  aircraft  station 
numbering  system  with  a  minimum  of  80%  accuracy.    STSt   2&    Meas:  W 

c.  Select  major  aircraft  eysteme  when  given  their  purpose  with 
a  minimum  of  80%  accuracy.    STS:    2d     Meas:  W 

3 

sup  levtso*  approval  of  lesson  plan  (part  id 

IISNATUM  AND  DATI 

signaturi  and  dati 

PLAN  0*  tMf  TMUCTIOli  MUMiCA  0ATC 

3AHPU2331                                17  October  1978 

PAQt  NO. 

9 

ATC  ™"?«  133        Mtvwui  toinoim  omouctc 


PUM  OP  IMTWJCTION/I.ISSON  PLAN  PART  I  (CmH—Hm  SU) 


COURMCONTINT 


SUPPOBT  HAZSBIALS  HQ)  CDHUBCE 


Student  Instructional  Materials 
3ABBU2331-PT-105,  Aircraft  Familiarisation 

Batatas  Vh~fiir  , 

Self- Instruction  (3  hrs) 
Instruction^,  Ojaldsncj 

The  instructor  will  instruct /superviae  the  student  class  study  period, 
continually  administer*  evaluate,  and  critique  appraisals  as  each  student 
progresses,  record  attendance,  insure  student  has  correct  module  materials, 
record  student  progress,  maintain  each  students  ATC  15€  record,  counsel  student 
as  needed  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  class.   Bach  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  o»jeotive(s).   Tht  instructor  will  pick  up  all  reusable  training 
literature  from  the  student(s)  as  feasible.    Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources.    The  instructor  will  refer  to  Fart  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 
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Of  INtTHUCTtOM  NO. 


3ABEU2331 


OATt 

17  October  1978 


PASS  NO. 
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ATC    £~  ISA 
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PUH  OF  IMnHUCnOM/LlUOM  PUX  PACT  I 

mm  firu  (Modular  s^lf-Pac*)  
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1  1gri  robhi 


■LOCK  TO! 

Fundamentals 


liroraf t  Birtrocmsntal  Systems  Mechanic 


SRflBi 


6.  Physics 


Select  the  result  that  would  occur  from  a  change  In  pressure 
and/or  temperature  on  gases  with  a  minimum  of  80#  accuracy.    STSi  11c 
**    II   V  — 


b.    Select  the  result  that  would  occur  from  a  change  In 
atmospheric  conditions  on  pressure f  temperature,  and  humidity  control 
with  a  mlnlnmn  of  80#  accuracy.    STS:    11  d    Meas:  V 


*  TIM  l 


1.5 


IMP  g  KM  SOU  APPROVAL  OF  HS30H  PLAN  (PAST  10 
SieMATVW  AMD  SAT!  f   SWATUM  ASP  DATE 


Ipi.am  or  Mtmucrtes  mum  ecu 


\ 


ATC  J^5e  peeviest  tot hon  itoetoviTs 


DATE 

17  October  1978 


P  AOl  NO. 

11 
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7 


IH 


PUN  ff  tMTWCTIONAISSOM  PLAN  FAIT  I  (CeaNeeeNea  fteet) 


COUftM  COMT1MT 


SUPPORT  MATKBIALS  AND  GUTDAKCE 
Student  laetructlonal  Materials 

3Afflll2331^T-106  ( 3i^BJU2331 -PT^1 11),  frhysics  of  Solids,  Liquids  and  Gases 

Self -Instruction  (1.5  brs) 
Instructional,  gujflaaa 

The  instructor  will  instruct/supervise  the  student  class  study  period, 
continually  administer,  evaluate,  and  critique  appraisals  as  each  student  < 
progresses,  record^* tendance,  insure  student  has  correct  module  materials, 
record  student  pfogrees,  maintain  each  students  ATC  156  record,  oounsel  student 
as  needed  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean- 
up jjfeiods.   The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  class.   Each  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  objective(s).   The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student (s)  as  feasible.    Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources.    The  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  thiu  module. 
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Or  INSTRUCTION  NO. 


3UBU2331 


ATC 
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PLAN  OF  INtTftUCTION/LIUON  PLAN  PART  S 

™mm  m"  (Modular  Self-Paced) 
1  Aircraft  ftxriromental  Systems  Mechanic 

X            1  Tmidaaentala 

1                                              ODUftSt  CEjMTiNt 

*  TUftt 

7.    Hectron  Thaovj 

a.  Relate  electrical  characteristics  of  materials  to  the  flow  of 
electrical  current  with  a  minimum  of  80#  accuracy.    STS:    11a,  12 
Meaa:  V 

b.  Select  the  result  that  would  occur  from  a  change  in 

temperature  on  natal*  with  a  mlrrtmrmi  nf  Mfr  ^AimwyT     RTS*  1? 

Meaa:  V 

I 

U.5 

JUPEKVI»R  APPiOVAL  Of  LIS30N  PLAN  (PAST  It) 

SieiUTUftf  AMD  OATI 

SIOMATUtl  AMD  OATI 

• 

/ 

PLAN  Of  tttiTMUCTtOM  MUMMR  0*71 

3iBBU2331                             17  October  1978 

PAOC  NO. 

13 

ATC  J^rw  Pfttvioui  coiiiom  it  omolcti 
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1 1  PLAN  OP  INSTWKTION/UISSON  PLAN  PART  I  (CssNassNe*  M 

count  court  mt 

SUPPORT  mUBHALS  AND  GUIDANCE 

Student  Instructional  Materiale 
3ABEU2331-W-107,  Electron  Theory 

graining  Methods 
Self-Instruotion  (U.5  tart) 

The  instructor  will  instruct /supervise  the  student  class  study  period, 
oontiso&JLy  administer 9  evaluate,  and  critique  appraisals  as  each  student 
progresses,  record  attendance,  insure  student  has  correct  nodule  materials, 
record  student  progress,  maintain  each  students  ASC  156  record,  counsel  student 
as  needed  regarding  acadamib  and  non-acadamio  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  daring  class.   Bach  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  pbjeotive(a).    The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student(s)  as  feasible.    Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources.    The  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 


»LA«  Or  ItfiTMJCTION  NO. 


3ABBU2331 


ATC 


*oft« 
a**  n 


OATC 

17  October  1978 


W  *0«  MO. 
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H  AUK  OF  IMlTmjCToB 

RRR  R08HH  


FLAM  OF  IHSTRUCTlOM/mSOW  PLAN  f/kMJ  I  

fitu  (Modoltr  s«tf-Pac.d) 


\ 


Hj&TR  T1TLI 


Aircraft  Bxvironmental  Systems  Mechanic 


fundamentals 


COi/Rif  COHTIMT 


TIME 


8.  Hagnetism 

a.  Given  a  list  of  materials,  select  those  that  can  be  used  to 
make  temporary  and  permanent  magnets  with  80#  accuracy.    STS:  12 
Measi  V 

b.  Select  the  effects  of  lines  of  force  when  given  the  laws  of 
magnetism  with  80#  accuracy.    STS:    12     Me  as:  V 


2.5 


SUPERVISOR  APPROVAL  OP  USSQM  ELAN  (PART  Mj 


IISHATUag  AMP  DATS 


StOWATVH  AMO  PATg 


m.AN  O*  INSTRUCTION  NUM»t* 


3AHU42331 


DATE 


17  October  1978 


PAOC  NO. 


15 


ATC  nm  133 

OCT  t$  IJJ 


MCVtOUS  COID ON  IIOMOLCTC 
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jg  *  PLAH  OF  IMTRUCTIOMAISSON  PLAN  PAIIT  I  (CMHm«im  St**) 


.  COURM  COHTIMT 


SUPPOET  M1TEBIALS  AND  GUTHAHCff 

Student  Instructional  Materials 
31BBU2331-PT-109  (3ABBl*2331-W-105i),  Magnetism 

Training  Methods 

Self  -Instruction  (2.5  hrs) 

Instructional  Guidance  * 

The  instructor  will  instruct/ supervise  the  student  olass  study  period, 
continually  administer,  evaluate,  and  critique  appraisals  as  each  student 
progresses,  record  attendance,  Insure  student  has  oorrect  module  materials, 
record  student  progress,  maintain  each- students  ATC  1$6  record,  oounsel  student 
as  needed  regarding  academio  and  non-academio  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  will  provide  individual  assistance  to  each  student  as 
needed  during  class.   <|sch  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  objeotifl(s).    The  instructor  will  pick  up  all  reusable  training 
literature  $ram  the  student(s)  as  feasible.    Turn  off  all  power  when  applicable 
5  to  oonserve  energy  and  resources.    The  instructor  will  refer  to  Pert  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 
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or  INSTRUCTION  NO. 
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PLAM  OF  INSTRUCTION/LISSOM  PLAH  »A*T  1 

WWI  r,TW»    ^Modular  Self-PabedJ 
Airoraft  Environmental  Systems  Mechanic 

I  yqndsaentals 

X                                                    COURSE  CONTENT 

*  TIME 

9.    DC  Generation  and  Basic  Circuit  Symbols  and  Terms 

a.  Select  basic  facts,  terms  and  laws  used  in  the  generation  of 
an  electromagnetic  field  with  a  minimum  o~  80%  accuracy.    STS:    12  v 
Meas:    W  7^ 

b.  Select  the  basic  symbols  and  terms  used  in  electrical 
circuits  with  a  minimum  of  80#  accuracy.    STS:    12     Meas:  V 

3 

SUPERVISOR  APPROVAL  OP  L ES90N  PI  AN  (PART  11) 

$J  SMATV  Jit  AND  DATE 

SIGNATURE  ANO  DATE 

t 

FLAN  OF  INtTNWCTlON  NUttOE*  DATE 

3iBBU2331                             17  October  1978 

*AOC  NO. 

17 

ATC  ^33        PNEvtout  torn  on  it  oetottTt 


PLAN  OP  IMITWICTIOMA  tSSOM  Pi  AH  PAIT  I  <CeeNiw«le«  Sheet) 


COURM  COKTtMT 


3UPP0ET  MATEBIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABBU2331-PT-109  (3ABBU2331-PN105B),  DC  Generation  and  Basic  Circuit  Symbols 

and  Terms 

Self -Instruction  (3  hrs) 
IrateiQtlon&l  gajdasga 

(Die  instructor  will  instruct  /supervise  the  student  class  study  period, 
continually  administer,  evaluate,  and  critique  appraisals  as  each  student 
progresses,  record  attendance,  insure  evident  has  correct  module  materials, 
record  itudsrit  progress,  maintain  each  students  ATC  156  record,  counsel  student 
as  needed  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  will  provide  individual  assistance  to  each  stjadent 
as  needed  during  class.    Bach  student  must  satisfactorily  complete  the  appr§J.«al 
to  satisfy  tjie  objeotive(a).    The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student(s)  as  feasible.   Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources.    The  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 
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PLAN  OF  IMSTRUCTtON/LESSON  PLAN  PART  I 

mnraifmem  1  i  wuwi  mu  (Modular  Self -Paced) 

pLiroraft  Environmental  Systems  Meohanlo 

tcm  worn* 

I  funds— ntala 

X                                                    COUMI  CONTORT 

*  TIME 

10«    Wiring  Diagram  fundamentals 

a*    Select  five  (5)  of  the  six  (6)  elements  that  make  up  the 
wire  numbering  system*    STS:    12,  1Jb,  13o     Me  as:  W 

#    b.    Seleot  ooonon  symbols  of  wiring  diagrams,  with  a  minimum  of 
8096  accuracy,    STS:    12,  13b,  13c     Meae:  V 

3-5 

SUPMVI JOi  APFHOVAL  OF  Li$»N  PLAN  {PAST  II) 

SlSNATURt  AMD  OATI 

SIOMATUM  AND  OATI 

Pt.AH  Or  tMftflUCTtOM  NUMOSft  OATt 

34281^2331                                17  October  1978 

PAOINO. 

1'  .J 
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&           ".AM  OP  INSTWCTIOH^ISSON  PLAN  PAIT  1  (CseNsssNee  M 

eOUMi  COMT1NT 

SDPPOHP  MATERIALS  AND  OTIEAHCE 
Studant  iMfcrofitional  Materials 

31BHU2331-PT-110  (3ABBU2331-PT-117),  Wiring  Diagrams  Fundamentals 
EapainiM  Eouiument 

Trainer  P/B  18  71  U112  Electrical  Components  (1) 
Trainer  P/N  18  71  1*113  Bridge  Circuits  Components  (1) 
Trainer  P/l  18  71         Electric*!  Components  (1) 

Self  -Instruction  (3.5  hrs) 

The  instructor  will  instruct/supervise  the  student  class  study  period, 
Continually  administer,  evaluate,  and  critique  appraisals  as  each  student 
progresses,  record  attendance,  insure  student  has  correct  module  materials, 
record  student  progress,  maintain  each  students  ATC  156  record,  counsel  student 
as  needed1  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  class*   Bach  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  objective(s).    The  instructor  will  pick  up  all  reusable  training 
'  literature  from  the  student  (a)  as  feasible.    Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources.    The  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 
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couwwTiTua  (Modular  Self-Paced  J 
Aircraft  Environmental  Systems  Mechanic 

I          1  Fundamentals 

-7  J                 CO (j MSI  CONTINT 

*  TIME 

1 1 •    Control  and  Protective  Devices 

a.  Select  the  control  and  protective  devices  used  in 
electrical  circuits  with  a  minimum  of  80%  accuracy.    STS:    12  MeasiW 

b.  Select  the  control  and  protective  device  symbols  and  terms 
used  in  electrical  circuits  with  a  minimum  of  8096  accuracy.    STS:  12 
Haass  V 

* 
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PLAN  OF  IWTfWCTIOM/lISSON  PLAN  PAUT  I  (UmHm^m  M 


COUftSI  CONTENT 


SnPFQBT  MATPTATfi  AND  GUHJAHCB 
Student  Instructional  Material. 

3A2BU2331-W-111  (3AHIU2331-M-105C),  Control  and  Protective  Device* 

feainer  P/H  18  71  U112  Electrical  Components  (1) 
Trainer  V/B  18  71  U113  Bridge  Circuit  Components  (1) 
Trainer  P/H  18  71         Xleotrloal  Cooponente  (1) 

TrtlTliT  fflrtfrflf  , 

Self-Instruction  (2  hrs) 

The  instructor  vill  instruct/supervise  the  student  olaas  study  period, 
continually  administer,  evaluate,  sad  critique  appraisals  as  each  student 
progrssaee,  record  attendance,  insure  student  has  correct  module  materials 
record  student  progress,  maintain  each  students  ATC  156  record,  counsel  student 
as  needed  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  vill  provide  individual  assistance  to  each  student 
as  needed  during  class*   lach  student  oust  eatiefaotorily  oomplete  the  appraisal 
to  satisfy  the  objeotive(a).   The  instructor  vill  pick  up  all  reusable  training 
literature  from  the  etudent(e)  ae  feasible.    Turn  off  all  power  when  applicable 
4to  conserve  energy  and  resources.   The  instructor  vill  refer  to  Part  II  Teaching 
Guide  for  detailed  instruction  j  on  this  module. 
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 •    i  aircraft  Snrlronmental  Systems  Mechanic 

K8CI  T1TLI  1  

rnndamertala 
Snfiii  cVWfiMT 


12.  Multimeter 

a.    Associate  the  control*  of  a  multimeter  to  their  function 
ajd  interpret  meter  acaJSr  indications  with  a  minimum  of  80%  accuracy. 
STSt    1l*a(i)     Heast  V? 

*  b.  Using  a  multimeter,  voltage  and  resistive  console,  measure 
and  record  electrical  and  resistive  values  with  +  10%  of  the  actual 
values.    STSt    HiaO)     Keast  j?C 
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PLAN  OP  INSTRUCTIONS. IttON  PLAN  PART  I  (C*f*H»«H«.  SW) 


COUSSf  CONTINT 


SUPPOHT  MiZDIALS  AND  OTIMHCB 


Trfltm  liPtruotional  Material! 

3A»U2331-Pf-112  (3AMU2331-PT-108),  Use  of  Test  Bquipment  (FSK-37  Multimeter) 
3AHIi|2331-«B-112  (3iHU*2331-WB-io8),  iN/PS»-37  Multimeter  Performance 


Multimeter  (PW-37)  (1) 

Trainer       18  70  1*101*,  Multiaeter  Voltage/fcesistance  Console  (1) 

Vlmtruction  (9.5  bxt) 
(3  h») 


Supervision,  Iquipasnt  (3;  12b 

The  classroom  ud/or  lab  instructor  will  instruct  /supervise  the  student  class 
study  sad/or  lab  period,  continually  administer,  evaluate,  and  critique 
appraisals,  performance  exercises,  and  performance  test  as  each  student  pro- 
gresses, record  attendance,  insure  student  has  correct  nodule  material  and 
equipment,  record  students  progress,  maintain  each  student  ATC  156  record, 
counsel  student  as  needed  regarding  academic  and  non-academic  reasons,  monitor 
breaks  and  clean-up  periods,  insure  student  oompliea  with  safety  practices  IAW 
All   127-101 .    Safety  In  the  labs  includes  working  with  or  around  electrical/ 
mechanical  devices.    Obis  includes  safe  uss  of  electrical  test  equipment, 
working  with  28YDC  5-10  asp  circuits  and/or  working  with  1157AC  1*00  cycle  single 
phase  power.   The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  class /lab  periods.    Bach  student  oust  satisfactorily  complete 
the  individual  appraisal  and/or  perf ozmance  exercise  and/or  performance  teste 
to  satisfy  the  objeotive(e).   The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student  as  is  fsssible.    Turn  off  all  power  when  applicable 
to  conserve  energy  end  resources.    The  instructor  will  refer  to  Pert  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 


13.    Measurement  and  Critique  1.5 

a.  Measurement  Test 

b.  Tsst  Critique 
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t  TIMS 

1U«    lirchhoff f  s  Current  Lav 

a.    Use  Elxohhoff 9  8  current  law  to  solve  for  unknown  values  In 
basic  elftotxlo&l  circuited    A  minimum  of  eight  (8)  out  of  ten  (10) 
unknown  ralues  oust  be  correct.    STS:    12,  13b     Me  as:  V 
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3$         PLAH  OF  IKtTttlCTIOMAlSSON  PLAN  PART  I  <C«Hm«*m  Sk~t) 

COURSI  CONTIHT 


SUPPORT  MITKBTALS  AID  GUHUUCS 


Student  Instructional  Materials 
1U  (3UU*233i^" 


3ABBU2331-PT-11U  (3ABBI«2331-PI-111),  Kirchhoff's  Current  Lav 

Batons  ikttaa  ,  ^ 

Self-Instruction  (2.5  hrs) 

The  instructor  will  instruct/supervise  the  stiMent  class  study  period, 
continually  administer,  eraluate,  and  critique  appraisals  as  each  student 
progresses,  record  attendance,  insure  student  has  oon-ect  module  materials, 
record  student  progress,  mslntsln  each  students  ATC  156  record,  counsel  student 
as  needed  regarding  aoadamlo  and  non-aoadamio  reasons,  monitor  breaks  §nd  clean- 
up periods.   The  instructor  will  provide  Individual  assistance  to  each  student 
as  needed  during  class.   Saoh  student  mast  satisfactorily  complete  the  appraisal 
to  satisfy  the  ob jeotive(e)  •   The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student(s)  as  feasible.   Turn  off  all  power  when  applicable 
to  conserve  energy  end  resources.    The  instructor  will  refer  to  Part  H  Teaching 
Guide,  for  detailed  instructions  on  this  module. 
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Aircraft  terlroanental  Systems  Mechanic 


fundamentals 


15.    Uxotahoff  *s  Voltage  Law 

a.    Use  Tlrchhoff fs  voltage  law  to  solve  for  unknown  values  in 
basic  electrical  circuits.    A  minimum  of  eight  (8)  out  of  ten  (10) 
unknown  values  must  be  correct.    STSs    12,  13b    Meas:  V 
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PLAN  OP  IMTRUCT10NAISSQM  PLAN  PART  I  (C.«ti SW«) 


COURSf  COMTCMT 


SUPPORT  MATBBTATfl  ASD  GUHUSCS 
Student  Tny-feyw^  opal  Materials 

34HIU2331-FP-115  (3ABBU2331-W-11U)  Kirchhoff'a  Mta«e  Law 

TrilnlTW  fftttmli  , 

Sslf-Instruotion  (2.5  hrs) 

The  instructor  wJJl  instruct/  auperviae  the  student  claaa  study  period, 
ooptlnaally  administer,  evaluate,  and  critique  appraisals  ae  each  student 
progresses,  reoord  attendance,  insure  student  has  correct  module  materials, 
record  student  progress,  maintain  each  students  IXC  156  record,  counsel  student 
ae  needed  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  olean- 
up  periods.   The  ins  tractor  will  provide  individual  assistance  to  each  student 
as  needed  during  class.    Bach  studsnt  oast  satisfactorily  complete  the  appraisal 
to  satisfy  tiie  objeotive(s).    The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student(s)  as  feasible.    Turn  off  all  power  when  applicable 
to  ocMfrve  energy  and  resources.    The  ^instructor  will  refer  to  Part  n  Teaching 
Guide  for  detailed  instructions  on  this  nodule. 


) 


7 


or  hmthuctwh  m. 


3ABHl*2331 


ATC  1»A 


OATC 

17  Occob.r  19 7 { 


*AOE  HO. 


28 


9 

ERIC 


U9CD. 


37 


PLAN  OP  INSTRUCTION/LISSOM  PUN  PART  1 

t  Nodular  Self -Paced; 

I       1          TmvlM»nti1  ■ 

X                                                    OOUftlt  CDNTINT 

^  TIME 

16.    Ohm's  Lew 

a.    Use  Ohm's  law  and  power  fozsrolas  to  solve  for  unknown  values 
In  baaic  electrical  circuits.    A  minimum  of  eight  (8)  out  of  ten  (10) 
circuits  must  be  correct,    STSi    12,  15b    Me  as?  W 
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3£  HAN  0*  tWTtUCTlOM^iSSOM  PLAN  PART  I  (CwHiejeKei.  M 


COUKSI  COMTIHT 


SUPPORT  MlTBtlALS  AHD  GUEQAHCB 

rntl  ff*ttf  iIit 

L3AHU42331-PT-111: 


Ohm's  Law 


Tnlnliw  %nwflp , 

SelJMnstroction  (2.5  hra) 

BsTttaflflaiJ  ^ilnnrnr 

The  instructor  will  iMtruot/supexvise  the  student  class  study  period, 
oontinually  edninister,  evaluate,  sad  critique  appraisals  as  each  student 
progresses,  record  attendance,  insure  student  has  correct  aodule  materials, 
record  student  progress,  maintain  each  students  ATC  1$6  record,  oounssl  student 
ss  needed  regarding  Academic  and  non-aoadsaio  reasons,  monitor  breaks  and  clean- 
up periods.   The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  daring  class.   Bach  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  objeotive(e).   The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student(s)  as  feasible.    Turn  off  all  power  when  applicable 
to  oonserve  energy  sad  resources.    The  instructor  will  refer  to  Part  n  Toaohlnw 
Guide  for  detailed  instructions  on  this  module. 
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TOBI  df  IWYWCTM                                      ttUill  TITLI"  "(Modular  garageS?  " 

1                                                           Aircraft  tovironmental  Systems  Mechanic 

I                   I     (  fundamentals 

i  i                                 eounst  cohtint 

i  TIMS 

I  17.    Series  Circuits 

I          a.    Using  Kirchhoff ya  current  and  voltage  laws,  and  Ohm's  law, 
|  solve  for  unknown  values  in  series  circuits*    A  minimum  of  eight  (8) 
I  out  of  ten  (10)  circuits  mast  be  correct.    STSi    12,  13b     Meas:  V 

I       *  b.    Using  a  DC  fundamental  trainer,  construct  a  series  circuit 
I  and  measure  electrical  values  with  one  instructor  assist  allowed  for 
I  each  task  area.    STS:    3a,  12,  1Jb     Meas:  PC 

1  * 

3 

I                                               SUPtUVfttS  AFPSDVAL  OP  LISSON  PLAN  (PAAT  II) 
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3 H  PLAN  OF  IttTRUCTION/lUSON  PLAN  FART  I  «U«m«im  M 


COUftSf  COHTENT 


SOPPCHT  MiXBULS  AID  GTHDiSCE 

Satoll  Instructional  Materials 

3AHU*2331-PT-1i7  (3AB8U2331-W-11M,  Series  Circuit 

3*HH*2331-«M17  ( 3*Mtl*2331 -MM 11),  Series  Cirouit  Performance 

TnlTYlTlff  jflgiHM3Blt 
Mttltimeter  (PS&-37)  0) 

Trainer  rAfr  18  52  1685,  DC  Electrical  Pundacsntals  (1) 

Self  -Instruction  (1  hr) 
Performance  (2  hrs) 

antlnle  Instructor  Bs  uiramants 
Supervision,  Bqulpnr  t   {$)  17b 

Instructional  Guidance 

The  classroom  and/ or  lab  instructor  will  supervise  the  student  class  study  and/or 
lab  period,  continually  administer,  evaluate,  and  critique  appraisals,  perfor- 
mance exercises,  and  performance  test  as  each  student  progresses,  record 
attendance,  insure  student  has  correct  module  materials  and  equipment,  record 
students  progress,  maintain  each  student  ATC  156  record,  monitor  student  move 
ment  to  complete  this  module  between  two  stations,  counsel  student  as  needed 
regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean-up  periods, 
insure  student  complies  with  safety  practices  IAW  AIR  127-101 .    Safety  in  the 
labs  includes  working  with  or  around  electrical/mechanical  devices*  This 
includes  safe  use  of  electrical  **st  equipment,  working  with  and/or  construction 
of  28VDC  5*10  amp  circuits  and/or  working  with  1157AC  U00  cycle  single  and/or 
three  phase  power*    The  instructor  will  provide  individual  assistance  to  each 
student  as  needed  during  class /lab  periods*   Each  student  must  satisfactorily 
complete  the  individual  appraisals,  and/or  per^o.  nance  exercise  and/or  perfor- 
mance tests  to  satisfy  the  objectives.   The  instructor  will  pick-up  all 
reusi  >le  training  literature  from  the  student  as  is  feasible.    Turn  off  all 
power  when  applicable  to  conserve  energy  and  resources.    The  instructor  will 
r*fsr  to  Part  H  Teaching  Guide  for  detailed  instructions  on  this  module. 
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PLAN  OP  INSTIUCTtON/LISSON  PLAN  PAtT  1 

ww«  ,u"    (Modular  Self-Faced) 
Aircraft  fevirososntal  Systeee  Mechanic 

I         1  fund— ntsls 

l                                                CDUMI  CON  TINT 

*  THAI 

18.   Parallel  Circuits 

* 

a,    Timing  Kirchhoff' s  current  and  voltage  laws,  and  Ota's  lav, 
solrs  for  unknown  values  In  parallel  circuits,    A  minimum  of  tight  (8) 
out  of  ten  (10)  oircuits  most  be  correot.    STSt    12,  13b    Msas*  V 

*  b«    Using  a  DC  fundaaental  trainer,  construct  a  parallel  circuit 
and  wasure  electrical  values  with  one  instructor  assist  allowed  for 
each  :ask  area,    STS*    3*t  12,  13b     Meaa*  PC 

m 

3 

■ 

jupi n> joe  approval  op  lsis>n  plan  <P4*t  id 

SIOMATVftff  ****  OA  ft 

IWATUM  AMD  DATi 

PLAS  «?  MSTSUCTfOM  ttUMStft  OATC 

3AMU2331                                 17  October  1978 

33 

ATC  JJ^Tti  133        Mtwout  cotties  it  ostcttTt 


42 


PUN  0*  tMTnjCTtON/LtSSON  PUN  PAtT  I  (CmMmiHm 


COUiM  COMTIMT 


2331-99-119  (3AMW331-M-111D),  P»r»ll«l  Circuit! 
34M»2331-WB-118  (3AMU2331-WB-1111),  Pizmlltl  Cixoulta  Psrforainos 

training  ImlniHt 

tfaitiMtcx  cpoPrf)  (1) 

Xralatr  P/I  18  52  1685,  DC  Utotricid  Pandaa*nt*l«  (1) 


-Inrtr  otloo  (1  hr) 
(2  b«) 


QMpaX  flsion,  BfttlpMttt 

Cm  oltfixoci  and/or  lab  instructor  will  suparviaa  tha  studant  class  study 
and/or  lab  period,  oontinually  ad»ixuatarf  avaluata,  and  oritiqua  appraisals, 
parfoxsanoa  axaroisaa,  and  parfoaanoa  tast  as  saoh  atudant  profraaaaa,  raoord 
attandaaoa,  ixwux*  atudant  has  oorract  nodula  aatariala  and  equips*nt,  racord 
studaata  profraaa,  Maintain  aaoh  studant  1TC  1§6  raoord,  monitor  atudant  *jts- 
aant  to  ooaplata  this  aoftula  batvaan  two  atationa,  ocmnaal  atudant  aa  naadad 
raffardinf  aoadaaio  and  boo-aoadawio  raaaona,  aonitor  braaka  and  olaannatp 
periods,  inaur*  atudant  ooopliaa  with  safaty  practical  liW  AIR  127-101.  Safaty 
in  tha  laba  inolwte*  voxkinf  with  or  around  alactrioal/nachanioal  darioas.  This 
inoludaa  safa  uaa  of  alaotrioal  tast  aquipaant,  working  with  and/or  oona traction 
of  28TOJ  5-10  asp  oirouita  and/or  working  with  115?AC  1*00  oyola  singls  and/or 
thxaa  phaaa  powar.   da  inatrootor  will  provida  individual  asalstanca  to  aaoh 
•tudant  aa  naadad  during  olaaa/lab  parioda.   Bach  atudant  oust  satisfactorily 
ocaplata  tha  individual  appraisals,  and/or  parfornanoa  axaroiaa  and/or  parfor^ 
aaaoa  taata  to  aatiaft  the  objaotivaa.    Tha  instructor  will  pick-up  all 
rauaabla  training  litaratura  frosi  tha  atudant  aa  ia  faaaibla.    Turn  off  all 
powar  whan  applioabla  to  oonsarra  anargy  and  raaouroaa.    Tha  instructor  will 
rafar  to  Part  II  Taaohin,<  Qui  da  for  datailad  instructions  m  this  modula. 
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<  N^ISSOM  PLAN  SAiT  1 
Airorsf t  terlrooaantaJ  toet**»  Meohenia 

I 

Tondsmntala 

19*   Ssriss-Farallsl  Circuit* 

*;  *i»f  Kirehhoff's  currant  nod  voltaco  laws,  Ohm 'a  law,  and 
powsr  foosals,  solvo  for  unknown  ralusa  in  a«riae-p»x*llal  circuits. 

i?"4!?  fJv*1^*  (S)       *  t<a        circuitt  oust  bs  corraot. 
ST81    12,  13b    (tout  V 

b.   Using  achsaatio  diacraas  of  alsotrioal  oirouits,  nalfunotion 
indication*,  and  Mt«r  raadlnfs,  aalaot  th*  typo  of  troublo  for  a 
mlnimm  of  alfht  (8)  out  of  ton  (10)  indiostions.    STSt    12,  11b 
Haass  V 

*  o.    Vain*  a  DC  fundanantal  trainer,  oonetruot  a  aeriea-parallel 
oirouit  and  aoaauz*  olootrloal  raluee  with  on*  inatruotor  assist 
allowed  for  oaoh  task  arsa.    8TSt    3*,  12t  13b     Msast  PC 

15 

(10) 

(3) 

(2) 

SUSIRUSOI  AM NOVAk  OP  UISJON  PUAN  (PAST  II) 

si«u  rum  and  dati 
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PLAN  OP  IN!TKJCT10H/LtaON  PLAN  PART  I  (CmHumHm  W) 


COURM  CONTENT 


SUPPORT  KlZniALS  AMD  GUIBAVCX 


I331-P1-119 


33"«««-iiil)t 
11B), 


[3AMItf331JW-1 


S«rlt*-Ptxslltl 
*rlt«-P«rall«l 


Circuit* 
Circuits 


PtrfOXUBM 


P/l  18  <?  1685,  M  H«otrio*l  Pondaamtals  (1) 


tion  (13  tan) 
(2  h») 


Suparrlalont  Bgulpnant 

337 


or  lab  Instructor  will  suparviaa  tha  student  olaaa  study 
and/or  lab  pariod,  oontinually  administer,  araluata,  and  orltiqua  appraisals, 
parfoaanos  axaroiaaa,  and  parfo»anoa  taat  aa  aaoh  atudant  prograaaaa»  woord 
attandanoa,  inaura  atudant  baa  corraot  aodula  materials  and  equipment  raoord 
atudanta  progrssa,  Maintain  aaoh  atudant  AffC  156  raoord,  monitor  atudant  move- 
■ant  to  ooaplat*  this  modulo  batwaan  two  stationa,  oounaal  atudant  aa  naadad 
ragardiag  aomdaaio  and  ncn-aoadanlo  raaaoaa,  monitor  braaka  and  clean-up 
parloda,  inaura  atudant  oonpliee  with  eafety  praotioes  LAW  AIB  127-101,  Safety 
in  tha  labe  taoludaa  nocking  with  or  around  eleotrloal/neohanioel  derioes. 
This  innlndaa  aafa  uaa  of  alaotrioal  taat  eoulpaant,  working  with  and/or 
construe  tion  of  28V9C  5-10  smp  oirouita  and/or  working  with  115?AC  U00  oyola 
alngla  and/or  three  phaaa  power.   Qia  ina  true  tor  will  prcride  isdlrldual 
aaalatanoa  to  aaoh  atudant  aa  naadad  during  olaaa/lab  perioda    Each  atudant 
mat  eatiafaotorily  ooaplete  tha  indlTidual  agpraieale,  and/or  performance 
axaroiaa  and/or  performance  taata  to  eatiafy  tha  objeotivee.   Tha  inatruotor 
will  plok-up  ell  reusable  training  literature  from  tha  atudant  aa  ia  faaaibla. 
Turn  off  all  power  whan  applicable  to  conserve  energy  and  reeourcea,  Tha 
inatruotor  will  rafar  to  Fart  H  Teaching  Guide  for  detailed  instructions  on 
thia  nodule. 
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IfQ  PL  AM  OP  WSTtDCTIOM/LlttOM  PLAN  PAIT  I  (CmNmmNm  leeef) 


COUIM  COMTINT 


SUFFOHI  K1TOI1LS  AID  GtJIDAHCE 


3AMW331-FW20  (3AMU2331-W-11l*B) 
3AW»2331-«B-120  (3ABBI|2331-WB-111C) 


MoltlMtcr  (P8H-37)  (1) 

ftilw  F/l  18  52  1685*  DC  Ilsctrlcal  Pundsnentals  (1) 


Pnfoonof  (2  hrs) 


Trtlnlnr  Br^r  . 

Self-Inetructlon  (1  tar) 


gg  kImiwm  mJ/miih  instructor  will  supervise  the  student  class  study 
and/or  lata  period,  oflntlmftlly  administer*  evaluate,  and  critique  appraisals, 
perforasnoe  exercises,  and  perforasnoe  test  as  each  student  progrsssee,  record 
attendance,  insure  student  has  correct  aodule  matsrials  and  squipasnt,  record 
students  progress,  T-*-*f4"  each  student  ATO  1$6  record,  nonitor  student  nove- 
aent  to  ooaplete  tills  aodule  between  two  stations,  counsel  student  as  needed 
retarding  aoadeaio  and  non-aoadeaio  reasons,  aonitor  breaks  and  olesn-up 
periods,  Insure  student  ooaplies  with  safety  practioss  IAV  AIR  127-101.  Safety 
in  the  labs  includes  working  with  or  around  elsctrloal/aeohsnioal  devioee. 
This  includes  safe  use  of  eleotrteal  test  squipaent,  working  with  and/or 
construction  of  28YBC  5-10  sap  oirouits  and7^r  working  with  1157AC  l+OO  cyols 
single  and/or  three  phass  power.   The  insti  >ter  will  provide  individual 
assistance  to  each  student  as  needed  during  olass/lab  periods.   Bach  student 
aust  satisfactorily  ooaplets  the  individual  appraisals,  and/or  psrfomanos 
exeroiss  and/or  psrforasnos  tests  to  satisfy  the  objectives.   The  instructor 
will  pick-up  all  reusable  training  literature  from  the  student  as  is  feasible. 
Turn  off  all  power  when  applicable  to  oonserve  energy  and  rssouross.  The 
instructor  will  refer  to  Part  H  Teaching  Guide  for  detailed  instructions  on 
this  noCls. 
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PUN  OP  IMJTtUCTtOM/lISJON  PLAM  PART  1 

wumimus  (M^u  Self-PaoedJ 
liroraft  Bbviromental  System  Mechanic 

I                      fnnrt  Mentals 

l                                           COUtlt  COMTIMt 

*  Ttttt 

21.   DC  Motors  tad  Control  Circuit 

a.    Select  components  of  DC  aoton  when  given  their  purpose 
with  a  ainlm  of  80#  accuracy.    STS:    12     Meaa:  V 

Ueillg  «n  eleotrioal                   identify  *  minimum  «f  »1gjh*  (ft) 

oat  of  tea  (10)  circuit  malfunctions f  when  given  the  cause  and  circuit 
condition.   SSSt    129  13bf  13c    Meass  PC 

*  o.    Using  a  DC  actor  control  circuit 9  electrical  diagrams ,  and 
aultiaeter,  locate  and  record  a  minimum  of  four  (k)  causes  for  five  (5) 
malfunctions.    STSs    12f  13b,  13c,  16c     Msasi  PC 

«* 

■ 

J 

8-5 
(1.5) 

(3) 

00 

lUMiVISOi  APPK>VAL  OPHS30N  PLAN  V AIT  II) 

HSNATUSS  AM  DAT* 
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PLAN  W  MTWCTION/IISSON  PLAN  PART  I  (C*sN*«<e*  M 


COUMI  CONTIMT 


SUPPOSE  MiZBBIALS  AHD  GOTDABCE 


Ingtrugtlgngd  Material* 


233 1  -FT-121  (3AMU2331-PT-1 1 3) 
•121  (3ABBU2331-WB-11U) 


„  _  DC  Motors 

3AHIU2331-WB-121  (3ABBU2331-TO-11U)  DC  Motors  and  Control  Circuits  Wiring  Diagram 
3A2HU2331-VB-121A  (3AHHU2331-«B-11i*A)  DC  Motors  and  Control  Circuits  Trouble- 
shooting 


Training  Boulument 
Multimeter  (PSH-37)  (1) 

Trainer  P/H  18  50  1387  DC  Reversible  Motor  System  (1) 
Ttainer  P/l  18  50  1318  Actuator  Valve  Assembly  Display  (1) 


Perfoaaianoe  (7  hrs) 


tea) 


Multiple  Instructor  Beqoiremente 
Supervision,  Equipment  (3)  21b 
Supervision,  Equipment    (5)  21c 

Instructional  Guidance 

The  classroom  and/or  lab  instructor  will  supervise  the  student  class  study 
and/or  lab  period,  continually  administer,  evaluate,  and  critique  appraisals, 
performance  exercises,  and  performance  test  as  each  student  progresses,  record 
attendance,  Insure  student  has  correct  module  materials  and  equipment,  record 
students  progress,  maintain  each  student  ATC  156  record,  monitor  student  move- 
ment to  complete  this  module  between  three  stations,  counsel  student  as  needed 
regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean-up 
periods,  insure  student  complies  with  sAfety  practices  IAV  APR  127-101.  Safety 
in  the  labs  includes  working  with  or  around  electrical/mechanical  devices.  This 
includes  safe  use  of  electrical  test  equipment,  working  with  and/or  construction 
of  287DC  5-10  amp  circuits  and/or  working  with  115VAC  kOO  cycle  single  and/or 
three  phase  power.    The  instructor  will  provide  individual  assistance  to  each 
student  as  needed  during  class/lab  periods.    Each  student  must  satisfactorily 
coasplete  the  individual  appraisals,  and/or  performance  exercise  and/or  perfor- 
mance tests  to  satisfy  the  objectives.    The  instructor  will  pick-up  all 
reusable  training  literature  from  the  student  as  is  feasible.    Turn  off  all 
power  when  applicable  to  conserve  ^energy  and  resources.    The  instructor  will 
refer  to  Part  II  Teching  Guide  for  detailed  instructions  on  this  moduli. 
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PUN  OF  IHiTlUCnOH/UMOH  PLAN  PART  I 


crown  met 


8P  IIMTWCfBI 


taanmwtr 


scnx  titui  

Fundamentals 


(Modular  Self-Paced; 
Aircraft  Bivlronmental  System  Mechanic 


ttUfel  55HT5J? 


22 •    Temperature  Control  Circuits 

a*    Using  Klrchhoff f a  current,  voltage  and  Ohm's  lavs,  solve  for 
unknowns  In  temperature  controlling  bridge  circuits.   A  minimum  of 
eight  (8)  out  of  ten  (10)  unknowns  must  be  correct*    STSs  13*0) 
Meass  V 

b.    Using  an  electrical  diagram,  identify  a  minimum  of  eight  (8) 
out  of  ten  (10)  circuit  malfunctions,  when  given  the  cause  and  circuit 
condition.    STSs    13*0  )#  13b,  13c     Meaet  PC 

*  c#  Using  a  temperature  control  circuit,  electrical  diagrams, 
and  multimeter,  locate  and  record  a  minimum  of  four  (h)  causes  for 
five  (5)  malfunctions.    STSi    13b9  13ct  16c     Meast  PC 
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FUN  OF  tMT«JCTION/LlllON  PLAN  FAIT  I  (CsHwKea  &~«) 


COUftM  COMTtMT 


SQgOy-  MiraBTAT.*;  iHD  GUIDAHCE 


  stic 

,      2331-FP-122  (3A»U2331-PP-114),  Temperature  Controlling  Bridge  Circuits 
3AI«»2331-WB-122  (3ABEI4233I-WB-II5),  Temperature  Control  Circuit.  Wiring  Diagram 
3AH&2331-W-122A  (3ABBU2331-WB-115A),  Temperature  Control  Circuit.  Trouble-^ 

•hooting 


Multimeter  (PfflPjf)  (1) 

Trainer  P/B  18  63  3072  Bridge  Circuit  (1) 

TnMvt  Mm* , 

Sslf  -Instruction  (3  nr.) 
(7  hrs) 


Mttltlnls  Inetrnctor  Bscuiramenta 
Supervision,  Bqulpmcnt  13T  22b 
Supervision,  Squipment   (5)  22o 

Instruction*!  ftfldjffit 

n»e  olasaroon  and/or  lab  instructor  will  superviss  the  atudent  olaaa  study 
and/or  lab  period,  continually  adalnlater,  evaluate,  and  critique  appraiaala, 
performance  exeroieee,  and  performance  test  as  each  atudent  prog^aeaee,  record 
attsgdanos,  insure  student  baa  correct  nodule  nateriala  and  equipment,  record 
students  progress,  maintain  .each  student  ATC  156  record,  monitor  etudent  move- 
ment to  oomplete  this  module  between  three  etationa,  counsel  student  as  needed 
regarding  aoademio  and  non-academic  reasons,  monitor  breaks  and  olean-up 
periods,  insure  student  oomplles  with  safety  praotioee  IiV  1TB  127-101.  Safety 
in  the  labs  include*  woiking  with  or  around  eleotrioal/meohanioal  devioes.  This 
includes  cafe  use  of  electrical  test  equipment,  working  with  and/or  construction 
of  28VDC  5-10  amp  oircuite  and /or  working  with  115VAC  i*00  oyole  single  and/or 
three  phase  power.   The  instructor  will  provide  individual  assistance  to  each 
etudent  as  needed  dux4ng  olasa/lab  periods.   Bach  atudent  must  satiafactorily 
complete  the  Individual  appraisals,  and/or  performance  exercise  and/or  perfor- 
mance teete  to  satiafy  the  objectivee.    The  Instructor  will  pick-up  all 
reusabls  training  literature  from  the  etudent  as  ia  feaaible.    Turn  off  all 
power  when  applio*iie  to  conserve  energy  and  resources .    The  instructor  will 
refer  to  Part  II  teaching  Guide  for  detailed  instructions  on  this  module. 
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PLAN  OP  !N$T*UCTI0N/LISS0N  PLAN  PART  1 

ww",t  mw    (Modular  Setf-fccadl 
Aircraft  Environmental  Systems  Mechanic 

I                        Fundamental  s 

I                                         COUftst  COnTeNt 

*  TIMS 

23.    Alternating  Current 

a.    From  various  sine  waves,  select  peak  voltage,  effeotive 
voltage  and  frequency  difference  with  a  minimum  of  8096  accuracy. 
STS:    12     Ma as:  V 

1  ^ 

m 

* 

1 

SUM***)*  APPSOVAL  OF  HS30H  PLAN  (PART  H) 

SIQMATUM  AMO  DATS 

SIGfcATUftf  AMO  OATI 
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PUH  Of  MTWCTIOM^ISQM  PLAN  F  AtT  I  (C#eHe»«He*  SW) 


count  court  nt 


SUFPQB9  MAHBIAU3  ASD  GUIDABCJ 


31HU2331-PT-123  USSSa 


•PT-113A),  Alternating  Current 


S  inetruotor  will  iastmot/superriec  the  student  olaee  study  period, 
continually  administer,  evaluate f  and  critique  appraisals  as  each  student 
progreeeee,  reoord  attendance,  insure  student  hee  oorreot  module  nateriale, 
reoord  student  progreee,  —lutein  eeoh  students  ASC  ^$6  roeord,  oouneel 
etudent  ee  needed  regarding  ecedenio  end  noo-ooodoaio  reaeone,  monitor  breaks 
and  oleen-up  period*.   The  inetruotor  will  provide  individual  eeeietanoe  to 
eeoh  etudent  es  needed  during  olaee.   laoh  studsnt  net  satisfactorily  complete 
the  appraisal  to  satisfy  the  objeotivc(e).   The  inetruotor  will  pick  up  all 
reusable  training  literature  fron  the  etudent(e)  ae  feaeible.   Torn  off  all 
power  when  applicable  to  ooneerre  energy  end  reeourcee.   She  inetruotor  will 
refer  to  Pert  H  Teaching  Guide  for  detailed  instructions  on  this  nodule. 
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Alroraft  tevironmsntal  Systems  Mtohagio 


NUMMH 


rundanentals 
COUUI  COMTtHT 


1  T1MI 


2U.  Capacitance 

a.    S«leot  basic  facts,  construction  characteristic  and 
principles  relating  to  capacitance  with  a  miniaom  of  8096  accuracy. 
STSt    12     Meast  V 


0.5 


m^m^ios  approval  op  hmom  elan  (Part  id 
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PLAX  0*  IMTtUCTIO^IttQN  PLAN  PACT  I  (CeeH-eHe.  S&«) 


COUUM  CONTINT 


SOPPOKP  MATERIALS  AND  GUIDANCE 

Student  Instructional  M>tariftin 
3AfflU2331-PT-12i;  (3ABHU2331^109),  Capacitance 

Self-Instruction  (0.5  hr) 
Instructional  guidance 

The  instiuctor  will  instruct/supervise  the  student  class  study  period, 
continually  adnini<   ,r,  evaluate,  and  critique  appraisals  as  each  student 
P10**""-'  »oord  a*      ance,  insure  student  has  correct  module  materials, 
record  student  progress,  maintain  each  students  ATO  156  record,  counsel  student 
ae  needed  regarding^ademic  and  non-aoademio  reasons,  monitor  breaks  and  clean- 
up periods.^Jjfre^nstruotor  will  provide  individual  assistance  to  each  student 
as  needed-orang ^claaa     Each  student  must  satisfactorily  complete  the  appraisal 

5tSS£  2L°^°  'iV:(a]?  ^^he  Pick  up  aSr^usable  tSESng 

literature  from  the  student(s)  as  feasible.    Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources,    Hhe  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detaJ1.ed  instructions  on  this  module. 
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PLAN  OF  INSfftUCYION/LISSON  PLAN  PARI  1 

u>umi  nTLi    (Kodolar  Self-Paced 
I  Aircraft  Bsvironaental  Syateaa 

Mecharlo 

I  Tundaae ntals 

i                               eoueu  coMTiNT 

*  TMtl 

25-  Induntanoe 

a.    Select  basio  facta,  conatxuction  characteristic  and 
principles  relating  to  inductance  with  a  mj-JUnxm  of  80%  accuracy. 
STS:    12     Meass  V 

* 

M 

0.5  . 

SUMAVIfQA  A#*A0VAi.  OPLfStfN  PLAN  (fAAT  II) 

SIOMATUftf  AMD  DAT! 
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SO  *LAM  OF  tttTftUCTl  OH/LISSOM  PUm  PAiT  I  (CeaNseeHe.  M 


COO  Mi  COtfTlMT 


SDEPQRP  M^TBRTATfi  AND  GUIDANCE 

styA^  T^ftxuctionAl  Materials 
3AM142331-PT-125  (3ABBl*2331-Fr-1 1 3C ) ,  Inductance 

Trrlnlrvf  Haiteig 

Self -Instruction  (0.5  hr) 
Instructional  Guidance 

The  Instructor  will  Instruct/supervise  the  student  class  study  period, 
continually  administer,  evaluate  f  and  critique  appraisals  as  each  student 
progresses »  record  attendance,  insure  s  ident  has  correct  module  materials, 
reoord  student  progress,  maintain  aach     luents  :,TC  156  record,  counsel  student 
as  needed  regarding  academic  and  non-a      mAc  reasons,  monitor  breaks  and  clean- 
up periods.    The  instructor  will  proviu*  individual  assistance  to  each  student 
as  needed  during  class.    Each  student  must  satisfactorily  complete  the  appraisal 
to  satisfy  the  objective(s).    The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student (s)  as  feasible.    Turn  off  all  power  when  applicable 
to  conserve  energy  and  resources  •    The  instructor  will  refer  to  Part  II  Teaching 
Guide  for  detailed  instructions  on  this  module. 


P\.A*  09  IMITHUCTION  KO 


3ABB142331 


ATC 


'OJttt 


oatc 

17  October  1978 


»Aat  no, 


1*8 


1JJA 


At  Pi.  ACM  *TC  FORM*  M7*,  MAR  TJ,  A*0  T70A.  AU4  Tl  WMlCM  Witt  •« 


PUH  OP  IMSTlU^Tlfl 

W/LWSOM  FLAN  PAIT  1  "  1 

UUMliiiLl   ^uiar  S^lf-PaoedJ  

Airoraft  Etavironmentel  Svat-m-  K««w<„  1 

I 

I 

Food— nt»la 

 mnrmrm  , 

1  TIMI 

26.   AC  Motor*  and  Control  Circuits 


*'    S,1*Sl, °a"Pon«nts  of  an  AC  motor  when  given  their  purpose  with 
a  minimum  of  80%  accuracy.    STS:    12     Me  as:  V 

b.    Using  an  electrical  diagram,  identify  a  minimum  of  eight  (8) 
of  ten  v10)  circuit  malfunctions  when  gi\en  the  cause  and  circuit 
condition.    STSt    12,  13b,  130     Me ass  PC 

*  c.    Using  an  AC  motor  control  circuit,  electrical  diagrams  and 
multimeter,  locate  and  record  a  minimum  of  four  (M  causes  for  five  (5) 
malfunctions.    STSt    12,  13b,  13c,  16c     Meas:  PC 


10 

(1) 

(3.5) 
(5.5) 


IIWUTUSl  AMP  PAT! 


$UMSMiOa  AMSOVAL  OP  LIMQN  PL  AM  (PART 


IftW  AM  0*  WfTHUCTlO*  NUMtf ft 


ATC  'om  1M 

'  V  OCT  Tl  '** 


3ABB1^331 


ftftcvteus  lotnoN  11  oatoucrt 


ERIC 


jlCKATUM  4*0  PAT! 


OAT# 

17  October  1978 


58 


FS51  no. 


FUN  09  lMTIUCTIOMA.ItSON  PLAN  FAIT  I  (CmHm^m  lUt) 

COUfttt  COMTIMT 


SUPPORT  K4TBHALS  AND  OTIQ/NCB 


stasias  ±as*Ettii£a^  jfrW»lf  x 

3AMU2331-FP-126  C3ABB1*2331-FT-115)  •  AC  Motors 

3AMi2331-WB-126  (3Affll*23^1-WB-1l6) ,  AC  Motors  and  Control  Circuits  Wiring  Diagram 
3ABHU2331-WB-126A  (3AEBJ42331-VB-1 16A) ,  AC  Motors  sad  Control  Circuits  Trouble- 
shooting 

Training  Boulpoent 
Multiaeter  (PSM-37)  (1) 

Trslnsr  P/H  18  63  2999  Valve  Control  Systst  (1) 

Trainer  P/H  18  50  1 31 8  Actuator  Valvs  Assembly  Display  (1) 

TfiTlTU"ff  jfc&2&8  , 
Self-Instruction  (1  hr) 

Perfoxnanoe  (9  brs) 

Multiple  Instructor  Requirements 
Supervision,  Equipment  HI  26b 
Supervision,  Equipment    (5)  26c 

Instructional  Guidance 

The  classroom  and/ or  lab  Instructor  will  supervise  the  student  class  study 
and/or  lab  period,  continually  administer,  evaluate,  and  critique  appraisals, 
performance  exercises,  and  performance  test  as  each  student  progresses,  record 
attendance,  insure  student  has  correct  module  materials  and  equipment,  record 
students  progress,  maintain  each  student  ATC  156  record,  monitor  atudont  move- 
ment to  complete  this  module  between  three  stations,  counsel  student  as  needed 
regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean-up 
periods,  insure  student  complies  with  safety  practices  IAW  APR  127-101 •  Safety 
in  the  labs  Includes  working  with  or  around  electrical/mechanical  devices*  This 
includes  safe  use  of  electrical  test  equipment,  working  with  and/or  construction 
of  28VDC  5-10  amp  circuits  and/or  working  with  115VAC  U00  cycle  single  and/or 
three  phase  power*    The  instructor  will  provide  individual  assistance  to  each 
student  as  needed  during  class/lab  periods*    Each  student  must  satisfactorily 
complete  the  individual  appraisals,  and/or  performance  exercise  and/or  perfor- 
mance tests  to  satisfy  the  objectives*    The  instructor  will  pick-up  all 
reusable  training  literature  from  the  student  as  is  feasible*    Turn  off  all 
power  when  applicable  to  conserve  energy  and  resources.    The  instructor  will 
refer  to  Part  II  Teaching  Guide  for  detailed  Instructions  on  this  module* 
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*  TUftf 

27*    Solid  State  Devioes 

4*    Select  baeic  facts  and  principles  relating  to  the  construction 
and  operation  of  to  lid  it  ate  devioea  with  a  minisum  of  8096  accuracy, 
STSt    12     Meast  V 
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COUMI  C0MT1MT 


80PPQD  M4XBIAU  AID  GUHABC1 
Btwrtant  Instructional  Mat«i»ls 

3AMW331-PT-127  C3iaBW331^H5),  Prlnciplss  of  Solid  Stat*  Saricaa 

jrj^AlfliJfcibsdi 

Salf-Inatruction  (1.5  hra) 


Tha  instructor  will  instruct /suparriaa  ths  student  olui  study  pariod, 
oontinuall/  adainlatsr,  avaluata,  and  oritiqua  appraisals  aa  saoh  atudant 
progroasas,  raoord  attandanoa,  inaurs  atudant  baa  eorraot  aodula  matsrlals, 
raoord  atudant  prograaa,  —intain  aaoh  atudanta  ISC  156  raoord,  oounasl  atudant 
aa  naadad  regarding  aoadeaio  and  non-aoadanio  reaaona,  aonitor  braaka  and  clsan- 
up  parioda.   Tha  instructor  will  prorids  indiTidual  aaaiatanoa  to  saoh  atudant 
aa  naadad  during  olaaa.   Saoh  atudant  aust  satisfactorily  ooaplete  tha  appraiaal 
to  satisfy  tha  obJectiYs(s),   Th*  instructor  will  plok  up  all  rauaabla  training 
literature  from  tha  atudant(a)  aa  faaaibla.    Turn  off  all  power  whan  applicable 
to  conaerre  energy  and  raaouroaa.    Tha  instructor  will  rafar  to  Psrt  II  Taaohing 
Quids  for  datailad  instruction*  on  this  moduls. 
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Aircraft  ftxvironmental  Systems  Mschanic 

I         1  Fundamentals 

1                                                     C9UM1  CDMTWT 

^  TtMt 

26.    Magnetic  Amplifiers 

a.  Select  components  of  magnetic  amplifiers  temperature  control 
circuits  when  giren  their  puzpoee  with  a  minimum  of  80%  accuracy. 
STSt    12,  13*(3)t  13*(U)     Meaai  V 

b.  Identify  how  a  hot  and/or  cold  signal  from  the  bridge  af facta 
the  components  of  magnetic  amplifier  temperature  control  circuit  with  a 
minima  of  8096  accuracy.    STBi    12.  13a(3).  13a(h)  13b.  13c     Meaes  W 
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COUtSt  COMTIMT 


SCPPOBT  N1TOIALS  AND  CTIDiBCI 
Student  Instructional  Material! 

3iBRU2331-PT-128  (3ABBU2331-PT-1 2k) ,  Magnetic  Amplifiers 
Tra^arenoy f ^FUgnetio  Amplifier  Circuits  CT  73-158U  (1) 

Trrtnlnf  Hrttortfi  „ 

Self -Instruction  (u  hra) 
Instructional  Guidance 

The  olaseroom  and/or  lab  instructor  will  instruct/supervise  the  student  class 
study  and/or  lab  period,  continually  administer,  evaluate,  and  oritique 
appraisals,  performance  exercises,  and  performance  test  as  ea^h  student  pro- 
gresses, record  attendance,  insure  student  has  oorrect  nodule  material  and 
equipment,  record  students  progress,  maintain  each  student  ATC  156  reoord,  oounsel 
student  as  needed  regarding  academic  and  non-acadamio  reasons,  monitor  breaks 
and  olean-up  perioue,  insure  student  complies  with  safety  practioes  LAW 
AIR  127*101.    Safety  in  the  labs  includes  working  with  or  around  electrical/ 
mechanical  devioes*    This  includes  safe  use  of  electrical  test  equipment, 
working  with  28VDC  5-10  amp  circuits  and/or  working  with  115VAC  kOO  oyole  single 
phase  power.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  olass/lab  periods.    Bach  student  must  satisfactorily  complete 
the  individual  appraisal  and/or  performance  exercise  and/or  performance  tests 
to  satisfy  the  objectives.    The  instructor  will  pick  up  all  reusable  training 
literature  from  the  student  as  is  feasible.    Turn  off  all  power  when  applicable 
to  oonaerve  energy  and  resources*    The  instructor  will  refer  to  Fart  II  Teaching 
Guide  for  detailed  instructions  on  this  nodule. 
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pu*  of  ik:t«oct»c  m/lisson  PLAH  PAItT  1 

wwpwtitu  ^HMUillTB¥ir=Pn«n  

liror.lt  SorirroMntftl  Sratwa  Hrohenio 

I         1  fttndaswntals 

x                               aunt  omtwt 

*  TWI 

29*    Trainer  Aircraft  Air  Conditioning  System 

a.    Select  components  of  a  trainer  aircraft  air  conditioning 
system  when  given  their  function  and  operation  with  a  minimum  of  80# 
accuracy.    STSi    13*0).  13b.  13o.  I6a(k)     Meaas  V 

Ueing  •l«fitiH^*--*lMffnMM|  iA^wrfcify  &  nrfnlmnm  of               (A)  *t 

tha  tan  (10)  oircuil/malfunctiona  whan  given  the  cause  and  the  circuit 
oondition.    STSi    1Jbf  13c     Meaat  PC 

*  o.    Using  a  trainee  9  electrical  diagram,  and  multimeter, 
troubleshoot  system  and  record  a  minimum  of  four  (k)  causes  for  five  (5) 
malfunctions.    STSi    3**  13b,  13c,  16c,  l6d(l),  I6d(2)     Meaa:  PC 
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COUMfl  CONTtMT 


SUPPORT  NiXBIALS  AND  CUILAMCB 


!0),  Trainer  Airoraft  Air  Conditioning 
1 8),  Trainer  Aircraft  Air  Conditioning  System 
Wiring  Diagram 

3AJBi*2331-«B-129A  (3ABBU2331-WB-118A),  Trainer  Airoraft  Air  Conditioning  System 

Troubleshooting 

TrUnlnr  taaaial  ,  4 

Multimeter  (PSM-37)  (1) 

Trainer  P/l  18  66  3301  Trainer  Airoraft  Air  Conditioning  System  (2) 

»Tilnl!sT  HKftgfll  , 

Self-Ins traction  (3.5  hrs) 
?erformanoe  (9  hrs) 


Mnltlnls  Instructor  ReoulrsiMnt* 
Supervision,  mjuipsjsnt ly)  29b 
Supervieion,  Bquipment    (5)  2% 


Instructions  "ttttinflf  * 

The  classroom  sad/or  lab  Instructor  will  supervise  the  student  olass  study 
sad/or  lab  period,  continually  administsr,  svaluate,  and  Critique  appraisals, 
performance  exercises,  and  performance  test  as  saoh  student,  progresses,  reoord 
attendance,  insure  student  has  correct  module  materials  and  equipment,  record 
students  progrees,  maintain  each  student  ATC  156  reoord,  monitor  student  move- 
ment to  oomplete  this  moduls  between  three  stations,  oounssl  student  ss  needed 
regarding  soademio  sad  non-aoademio  reasons,  monitor  brsaks  and  clsan-up  periods, 
insure  student  complies  with  safsty  praotloss  IAW  A1B  127-101.    Safsty  in  the 
labs  Includes  working  with  or  around  slsotrioal/msohsnloal  devioes.  This 
^i^"  °*  electrical  test  equipment,  working  with  snd/or  construction 

of  287DC  5-10  map  circuits  sad/or  working  with  115VAC  U00  cyols  slngls  and/or 
thrss  phase  power.   The  Instrootor  will  provide  individual  assistanos  to  saoh 
student  as  needed  during  olass/lab  periods.    Ksch  student  must  satisfactorily 
oompl  ts  the  individual  appraisals,  and/or  psrformanos  sxsroiss  and/or  perfor- 
mance tests  to  satisfy  the  objectives.    Ins  instructor  will  piok-up  all 
rsusabls  training  litsraturs  from  the  student  ss  is  fsaaibls.    Turn  off  all 
power  when  applicable  to  oonserve  energy  and  resources.    Ths  instructor  will 
rsf sr  to  Pari  II  Teaching  Guide  for  detailed  instructions  on  this  module. 
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31 •    Measurement  and  Critique 
e.    Measurement  Test 
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b.    Test  Critique 
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II       1               Air  Conditioning  Systems 

i                                         COUUf  COMTMt 

^  timi 

1  •    Fighter  Cabin  Air  Conditioning  System 

a.  Associate  each  bleed  air  system  component  with  its  operation 
with  a  minimum  of  80%  accuracy.    STS:    15a     Meaa:  V 

b.  Select  safety  precautions  that  are  applicable  to  the  mainte- 
nance of  bleed  air  system,  without  error.    STS:    3a9  l5h     Meaa:  V 

c.  Identify  cabin  air  conditioning  system  component  operation 
with  a  minimum  of  8096  accuracy.    STS:    I6a0).  17a(3)     Haas:  V 

d.  Using  a  wiring  diagram,  identify  causes  for  eight  (8)  of 

ten  (10)  given  air  conditioning  system  troubles.    STS:    13b,  13c,  13d 
Measi  PC 

*  e.    Using  a  multimeter  .and  wiring  diagram,  perform  an  operational 
check  and  troubleshoot  the  bleed  air  system  and  cabin  air  conditioning 
system  trainer,  locating  seven  (7)  out  of  nine  (9)  troubles  correctly. 
STS:    3a,  1$d,  16c,  l6d(l),  17c,  17d     Meaa:  PC 
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COUMS  COMTIMT 


SUPPCHT  HAZBIALS  AND  GUIDANCE 


ffiswt  Tmtpa^on^  Materials 

3AHU2331-PT-201,  fighter  Bleed  Air  System 
3AMI*2331-PT-20U,  fighter  Cabin  Air  Conditioning  System 
3ABRU2331-UB-201 ,  fighter  Cabin  Air  Conditioning  System  Wiring  Dingram 
3AHBU2331-WB-201A,  fighter  Ca£n  Air  Conditioning  System  Troubleshooting 

Audio  ami  Aldi 

Caasette,  Tap*,  Tighter  Cabin  Air  Conditioning  System  Wiring  Diagram 
LFC-U2-5,  Caaaette,  Son  Sound.  Tighter  Cabin  Air  Conditioning  System  Wiring 

Diagram 

Trainer  3305.  Tighter  Air  Conditioning  (1) 
Haltimatar  (1) 

Self -Instruction  (8  hrs) 
Performance  (16  bra) 

Multiple  Inatruotor  Beoulrements 
Bquipoent.  Supervision  (U) 

Instructional  Guidance 

Tha  inatruotor  will  issue  programmed  text,  workbook,  and  training  equipment  to 
each  student •    Saob  student  must  satisfactorily  accomplish  aaoh  objeotive 
before  ba/eha  oan  proceed  to  tha  next  unit  of  instruction.    After  satisfactory 
completion  of  FT-201A,  diraot  the  studant  to  view  Caaaatta  LFC  U2-5.  8nm  Sound 
Film,  Tighter  Cabin  Air  Conditioning  and  complete  workbook  3A2Hii2331-WB-201 , 
Tighter  Cabin  Air  Conditioning  System  Wiring  Diagram  (taped  lesson).  Tha 
inatruotor  will  insure  that  all  training  equipment  used  by  the  studant  la 
turned  in  and  properly  stored.    Where  feaaibla,  shut  off  operating  equipment 
to  conserve  energy. 
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Airoraft  tovjronaantal  Systems  Mechanic 
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Aig  Conditioning  Systems 


~00uN*i  WTO? 


2.    Rain  Removal  Syscss 

a.    Relate  each  rain  removal  system  component  to  its  opera^on 
with  a  minimum  of  80%  accuracy.    STSj    17a(U)     Heas:  W 

*  b.    Using  a  multimeter  and  wiring  diagram,  perform  an  operational 
check  and  troubleahoot  the  rain  removal  system  trainer,  locating  the 
cause  of  six  (6)  out  of  eight  (8)  troubles  correctly.    STS:    3a,  13c, 
17c,  I7d     Me  as:  PC 
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C0UM1  COKTINT 


SUPPORT  MATERIALS  AND  GUIDANCE 

stlfltTVL  Tn<Jtruotional  Materials 
3ABBW331-FT-202,  Bain  Removal  System 
3AEEU2331-WB-202,  Bain  Removal  System  Troubleshooting 

TniniTvr  fti^rr' 

Trainer,  3336,  Bain  Removal  System  (1) 
Multimeter  (1) 

Self -Instruction  (5  hrs) 
Performance  (8  hrs) 

Wri^tiple  Instructor  Requirements 
Equipment.  Supervision  (H) 

Instructional  Guidance 

This  instructor  wil^  issue  programmed  text,  workbook  and  training  equipment  to 
eacii  student*    Each  student  oust  satisfactorily  accomplish  the  objectives 
before  he/she  can  proceed  to  the  next  unit  cf  instruction.    The  instructor  will 
insure  that  all  training  equipment  used  by  the  student  is  turned  in  and 
properly  stored.    Where  feasible,  shut  off  al  .  operating  equipment  to  conserve 
energy. 
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Air  Condixiw  ^  Systems 

1 

11  TIME 

FLAN  OF  !MSTKUCTIOH/LESSON PLAN  PART  1 


3.    Equipment  Air  Conditioning  System 

a.  Associate  each  equipment  air  conditi  k*u  *g  component  with  its 
operation  with  a  minimum  of  80%  accuracy*    STSs    l6a(l)     Me  as:  V 

b.  Using  a  wiring  diagram ,  identify  11*  causes  for  the  10  given 
equipment  air  conditioning  system  troubles.    STS:    13b,  13c»  13d 
Meas:    PC  ^ 

*  o.    Usinjg  a  multimeter  and  wiring  diagram,  perform  an  operational 
check  and  ttoubleshoot  the  equipment  air  conditioning  system  trainer, 
locating  seven  (7)  out  of  nine  (9)  troubles  correctly.    STS;    3&t  13c, 
13d,  I6d(2)     Meas:  PC 


16 
(3) 

(3) 
(10) 
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COUfcM  C0N7IMT 

STJPPOBT  MiTiailLS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABRo2331  S^olwant  Air  Conditioning  System 

3ABBU2331-UB-203,  Equipment  Air  Conditioning  System  Wiring  Liagranf 
3A£fiU2331-WB-203A,  Equipment  Air  Conditioning  System  Troubleshooting 

Cassette f  Tape,  Equipment  Air  Conditioning  System  Wiring  Diagram 

UC-U2-6  Cassette,  8nm  Sound,  Equipment  Air  Conditioning  System  Wiring  Diagram 

Trainer  3305,  Tighter  Air  Conditioning  (1) 
Multimeter  (1) 

PftnlBff  Wit^s 

Self -Instruction  (3  hrs) 
Performance  (13  hrs) 

ttjl&gll  JagZg&SSZ  Reouirements 
Equipment,  Supervision  \k) 

Instructional  Guidance 

The  instructor  will  Issue  programmed  text,  workbook ,  and  training  equipment 
to  each  student.    Bach  student  must  satisfactorily  accomplish  each  objective 
before  he/she  oan  proceed  to  the  next  unit  of  instruction.    After  satisfactory 
completion  of  PT-203 ,  direct  the  student  to  view  Cassette  LFC-U2-6,  8mm  Sound 
711m,  Equipment  Air  Conditioning  System  Wiring  Diagram  and  to  complete  workbook 
3ABBl*2^31-WB-203,  Equipment  Air  Condi tior'-g  System  Wiring  Diagram  (taped 
lesson).    The  instructor  will  insure  that  all  training  equipment  used  by  the 
student  is  turned  in  and  properly  stored.   Whero  feasible,  shut  off  all 
operating  equipment  to  conserve  energy.    Check  vith  uach  student  daily  to 
insure  the  CTT  assignment  is  being  accomplished. 
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PLAH  0*  INSTRUCTION /LESSON  PLAN  PA«T  1 

Aircraft  Environmental  Systems  Mechanic 

■LMK  NUMM*                           SLOCK  T1TLI 

II                        Air  Conditioning  Systems 

l                                                     COUPUI  COWTkHT 

*  nut 

U.    Temperature  Control  System  Tester 

a*    Associate  tae  name  of  the  controls  on  the  temperature  control 
system  tenter  (AN/PStt-21 )  illustration  with  its  purpose/function,  with 
a  minimum  of  80%  accuracy.    STS*    1lib     Me  ass  V 

*  b.    Using  a  temperature  control  system  tester  and  multimeter, 
perform  an  operational  check  and  trouble  shoot  the  cabin  and  equipment 
air  conditioning  systems  trainers,  correctly  locating  three  (3)  out  of 
four  (U)  of  tna  assigned  troubles.    STS:    3a,  li^b     Me  as:  PC 

7 

(3) 
00 
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(MTttCTIONAIMQN  PLAN  PART  I  (C~Mm«m  1W«) 


COUtSI  COMTIMT 


SUPPORT  MATPTALS  AHD  GUHJAHC1 

Student  Inatruotlonal  Matarial. 

3AH8U2331-PT-20U,  Temperature  Control  System  Teetsr 

3AAt2331-VB-20t»>  Temperature  Control  System  Testing 

Jatotoi  'tnimtnt 

Trainer  3305,  Tighter  Air  Conditioning  (1) 

Multimeter  (1) 

TMt  Set,  AI/PSM-21A  (1) 

aatoAM  ^tfj^T , 

Self -Ine traction  (3  hrs) 
jPerformanoe  (U  hrs; 

Multlnla  matrnotpj  BflUireajats 
Squipnent,  Supervision  (U) 

Instructional,  ^VKt 

The  lnatruotor  will  insure  that  all  training  equipment  uaed  by  the  student  is 
turned  in  and  properly  stored.   Where  feasible,  shu'  off  opsrating  equltoent  to 
coneerre  energy. 


5  -    M»a»t!T/enient  and  Critique 

a.  Measurement 

b.  Critlqva 
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PLAH  OP  INITiUCTlOH/LISSON  PLAN  PART  1 

RAM  q9  Ittlf  WcruR 

lire  raft  Environmental  Syatwn  ttochanio 

•wWI  WWIS                         ■vwCR  TITUS 

II                     Air  Conditioning  Systems 

t                              eouui  cow iSfit 

*  TIMI 

6.    Bomber  Air  Conditioning  System 

a.  Relate  the  name  of  each  bleed  air  system  component  to  its 
operation  with  a  minimum  of  80fl6  accuracy.    STSt    l£a    Me  as:  V 

b.  Select  the  safety  precautions  that  are  involved  In  the 
maintenance  of  the  bleed  air  system  without  error.    STSi    3a,  l£h 
Meats  V 

c.  Relate  the    *me  of  each  cabin  air  conditioning  system 
component  to  its  operation  with  a  minimum  of  80J6  accuracy. 
STSt    I6a(2)     Meast  V 

d.  ITsing  a  wiring  diagram,  identify  eight  (8)  causes  for  the 
ten  (10)  given  air  conditioning  system  troubles.    ST3:    13c,  13d 
Meast  PC 

*  *«    Using  a  multimeter  end  wiring  diagrar,  perform  an  operational 
check  and  troubleshoot  the  bleed  air  and  cacin  air  conditioning 
system  trainer,  locating  a  rnini™^*  of  11  c  it  cf  1U  troubles  correctly. 
STSt         16c,  l6d(l)     Meast  PC 

2U 

(3) 

(1) 
(U) 

(12) 
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PLAN  OP  MITWCTION/! HSON  PUH  PART  I  (CmHumMm  Am*) 


COUtM  CONTMMt 


SUPPORT  MAZBIALS  USD  GUmBCS 


J331-PT-206  (31HBU2331-PT-205)  t  Boabar  Blaad  Air  Supply  Syatam 
3ABBi*2331-PT-206i  ^  3ABBU2331-PT-2051) ,  Boabar  Air  Conditioning  Syatam 
3ABtl|2331«VB-206  (3UBU2331-WB-205) ,  Boabar  Air  Conditioning  Syit-o  Wiring 

Diagxaa 

3AJBEU2331-WB-206A  (3AB8U2331-WB-20$A),  Boabar  Air  Conditioning  Syatam 

Troublaahooting 

I    CuMtt«,  Tapa,  Bonb#r  Air  Conditioning  Syataa  Wiring  Diagram 

UC  1*2-7,  Caaaatta,  Son  Sound,  Bombar  Air  Conditioning  Sjataa  Wiring  Diagram 


Trainar  Z\ 
Multiaatar 

TjaJfliflgJfe 


(1) 


Boabar  Air  Conditioning  System  (1) 


4*lf-Ina traction  (8  hxa) 
¥arfomanoa  (16  bra) 

IfaltiDla  Inatruotc 
Bquipaanw,,  Suparriaion 


Tha  ina  true  tor  w*,U  iaaua  prograamad  tart,  workbook,  and  training  aquipmant  to 
aaoh  atudant.    Bs&J*  atudant  ouat  aatiafaotorlly  accompli  ah  tha  objeotira  bafora 
ha/aha  oan  prooaad  to  tha  naxt  unit  of  instruction.    Aftar  aatiafaotory 
collation  of  FF-206A,  diraot  tha  atudant  to  viaw  Caaaatta,  UPC  1*2*7,  Son  Soux/» 
711a,  Boabar  Air  Conditioning  Syjtaa  Wiring  Diagram  and  than  to  ooaplata 
workbook  3ABHU2331-VB-206,  Boabar  Air  Conditioning  Syataa  Wiring  Diagram 
(tapad  laaaon)  •    Tha  inatruotor  will  inaura  that  all  training  aquipmant  uaed 
by  1ba  atudant  ia  turned  In  and  properly  atored.    Whara  faaalbla  abut  off 
aquJ paant  to  conaarra  anargy. 
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PUN  OP  INSTtUCTW  N/LIMOH  PLAN  PART  I 

Aircraft  terironmental  Systems  Mechanic 

II       1            Air  Condi  tioninf  Systems 

%                               eeunu  aw  tint 

X  TIM  I 

7.    Deoede  Resistor  Junctions  and  Windshield  Amplifier  Bench  Check 

*  a.    Using  *  bench  test  adapter ,  decade  box,  and  windshield 
temperature  smplifier,  bench  check  and  adjust  the  windshield 
temperature  amplifier  to  the  specified  values.    STSt    3a.  1iia(2). 
17a(U),  17f     Measi  PC 

■ 

2 

(2) 

*U*1«V1S0A  APPROVAL  OP  L  6530H  PL  AH  (PAKF  II) 

SIONATUSI  *0  DAT! 
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70  PUN  0*  MBTtUCnOM/LlttON  FUN  PART  I  (CeetlaeeHea  Swtf) 


CeURtt  COMTINT 


SUPPORT  MiimiiLS  1HD  GUIDAHCB 
*  j«jl*Tii^t'ional  Hateriale 

331-W-207  C3ABBi|233l-y&-207,  WB-2071),  Uecade  Resistor  Junctiona  and 

Vlndahlald  Temperature  Amplifier  Banch  Check 

Trill  nr  Mfflimrt 

Adapter  Cabin  Temperature  5919  (0 

Decade  Box  (1)  \ 
Control  Aeeembljr,  Vlndahlald  Temperature  Amplifier  6032    ( 1 J 

Ptgfoca noe  (2  fan) 

Ifaltinle  Instructor  Bs<mframenta 
Iquipoent,  Supervision  (U) 

Instruction^  gul^TTHTff 

The  instructor  will  issue  prograimned.text  and  training  equipment  to  each  student, 
lech  student  oust  satisfactorily  accomplish  each  objective  before  he/she  can 
proceed  to  the  next  unit  of  Instruction.    The  instructor  will  insure  that  all 
training  equipment  used  by  the  student  is  turned  In  and  properly  stored.  Where 
feasible  9  shut  off  operating  equipment  when  not  In  use  to  conserve  energy. 
Check  with  each  student  daily  to  insure  that  the  CTT  assignment  is  being 
accomplished. 
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FLAX  OF  INSTRUCTION/LISSOM  FLAN  PART  1 

N  AMI  OF  1WTHUCTOR 

Aircraft  Environmental  Systems  Mechanic 

iCOCl  JMUIIR                          HSOf  TITLI 

II                    Air  Conditioning  Systems 

i                                               COUftSl  COMTWT 

8.    Cargo  Bleed  Air  and  Anti-Icin$  System 

a.  Associate  the  name  of  each  cargo  bleed  air  ind  anti-icing 
eyetea  component  with  its  operation  with  80%  accuracy.    STS:  1$af 
17a(5)     Meaax  V 

b.  Using  a  wiring  diagram,  identify  four  (U)  out  of  five  (5) 
given  anti-icing  system  control  circuits  troubles.    STS;    13b,  13c 
Meas*  V 

c.  Using  a  wiring  diagram,  identify  four  (It)  out  of  five  (5) 
given  air  intake  duct  anti-icing  system  control  circuit  troubles. 
STSi    13b,  13c     Me<-3:  W 

18 
(2) 

(8) 

(8) 

SUPERVISOR  APf  SOVAL  OF  LESSON  PLAN  {PART  II) 
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73        haw  o>  imrajcTKm/iinoM  flam  »a«t  i  <c-h— h-  m 

COUMI  CONTINT 

SUPPOHT  M&XBIALS  AND  GU3UAJO 
Student  In|tri^U?TH'1  ftateriala 

3AHU*2331-PP-208  (31181*2331-55-207),  Cargo  Aircraft  Ingine  Bleed  Air  System 
3AM^331-PT-208A  ?3ABHU2331-PT-207A),  Wing  and  fepennage  Anti-Ioing  System 
3AH8U2331-PT-208B  (3ABEU2331-PT-207B) ,  Btogine  Air  Intake  Duct  Anti-Ioing  System 

Sslf -Instruction  (18  hrs) 
Instructional  aitflMBi 

The  instructor  vil  issue  programmed  tart  and  training  equipment  to  each  student, 
■eoh  student  oust  satisfactorily  accomplish  each  objective  before  he/aha  can 
prooeed  to  the  next  unit  of  instruction.   The  instructor  will  insure  that  all 
training  equipment  used  by  the  student  is  turned  in  and  properly  stored.  When 
feasible,  shut  off  operating  equipment  to  conserve  energy. 

/' 
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PUW  OP  IMSTKUCTIOH/LgSlOH  PLAH  PART  I 
1  C0UJHI  TITLI 


ii 


rboi  mci 


Aircraft  Environmental  Systems  Mechanic 


Air  Condi tioning  Systems 


coUAil  SRTEJ7 


TIMI 


?.    Cargo  Air  Conditioning  System 

a.  Aeaooiate  the  name  of  each  cargo  air  conditioning  system 
component  with  its  operation  with  8C#  accuracy.    STS:    15a,  l6aL 
Me  ass  W 

b.  Associate  the  name  of  the  mercury  thermostat  temperature 
control  system  component  with  its  operation  viuh  8(#  accuracy. 
STSi    1W2):  He.  I6a(3)     Meast  V 

c.  Using  a  wiring  diagram,  identify  eight  (8)  causes  for  the 
ten  (10)  given  air  conditioning  system  electrical  troubles. 

STS:    13b,  13c,  13d     Meast  PC 

*  d*    fof11*  a  wiring  diagram  and  multimeter,  perform  an  operational 
check  and  troubleshoot  the  cargo  air  conditioning  system  trainer, 
locating  a  minimum  of  five  (5)  out  of  seven  (7)  troubles  correctly. 
STS:    3a,  16c,  I6"d(2)     Mess:  PC 


22 
00 

(U) 
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SIGHATUM  AND  OAT  I 
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IttON  PLAN  PART  I  (CnHmiHm  SUt) 


COURSI  CONT1MT 


SUPPOEP  MATERIALS  AHD  GHTDABCE 


Student  Instructional  Materials 

3ABBU2331-PT-209  (3ABRU2331-PT-208) ,  Cargo  Air  Conditioning  System 
3AHtU2331-FT-209A  (3ABHU2331-PT-208A) ,  Mercury  Thermostat  Temperature  Control 

\  System 
3ABHU2331-WB-209  (3ABRi£331-WB-208),  Cargo  Air  Conditioning  System  Wiring 

Diagram 

3AEB142331-VB-209A  (3ABBU2331-VB-208A)9  Cargo  Air  Conditioning  System 

Troubleshooting 

Audio  Viaual  Aids 

Transparency,  CT  73*260  Mercury  Thermostat  System 

Trainer »  3021,  Cargo  Air  Conditioning  Systeir  (1) 
Multimeter  (1) 

Self -Instruction  (8  hrs) 
Performance  (1U  hrs) 

Multiple  J***™*^  Baouirements 


^^rp^tinrwi  Guidance 

The  instructor  will  issue  workbook  and  training  equipment  to  each  student. 
Bufh  student  oust  satisfactorily  accomplish  the  objectives  before  he/she  can 
proceed  to  the  next  unit  of  instruction.    The  instructor  xill  insure  that  all 
training  equipment  used  by  the  strident  is  turned  in  and  properly  stored. 
Check  with  each  student  daily  to  insure  the  CTT  assignment  is  being 
accomplished. 

10.  MT  (identified  in  curse  chart)  6.0 

11.  Measurement  and  Critique  1.5 

a.  Measurement 

b.  Critique 
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jAigoraft  Srglrotgnental  Systems  ffanh™.^ 
■  Aircraft  BarironBental  Systems  Unita 


3.    Tools,  Hardwars,  Safetyin*  Devices,  and  Wire  Repair 

 a*    Uain«  a  box  of  handtools,  select  and  natch  tools  wit'  th.ii. 

proper  uses  with  7C#  accuracy.    STSi    8a    Meast  PC 

b.    Using  display  boxes  oontainin*  items  of  aSr*.-««>  i  > 

match  each  item's  number  to  its  props?  use  TOK^fSf M*-""*:  v 
aatched  correctly    STS,    10o     S2T  S  '    709(1  of  ^  "««  must  be 

*  ?*  Wlleshle  handtools,  torque  aircraft 

mt    8a  "Jc  ^ssf^pc*0  Pr0CedUr88  C0Verel  ta  10  ^ 

^^^ryjSS1  fl^T11*  *eV±M8'  *  and  applicable 

-  con^  wire 
STS,    3a,  10o,  lud(l),  I0dl2l,  lOd^    Jteas:    PC  U* 

ahi«lf^rid9^7  0f  *enoral  Pur*0M  connectors,  bonding 

iSf^JSbT  Sa^W**    1  BdninUn  °f  7096  ™*  Stained. 


OmiMtA  tccftofe.       n/7/Ve/y  Specific  M«i€n<»/s. 
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(3) 
(D 
(5) 
(3) 
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%         PLAN  OP  INSTWCT10M/t ISSON  PLAN  PAAT  I  (Ceetf  *»«rte*  M 

COUtM  COMTiNT 

JUPPOHP  MAuJEIAIS  AND  OTIMHCE 


Student  Instructional  Materials 
3liiRl42331-PT-303,  Maintenance  Tools 
3ABBU2331 -W3KJ03 f  Torque  Wreixh  Performance 
3ABB1|2331-M-303A,  Aircraft  Hardware 

3ABBl|2331-WB-303A,  Safetying  Methods,  Procedures  and  Devices 

3ABH142331-PT-303B,  General  Purpose  Connectors*  Bonding,  Shielding  and  Grounding 

3AHEU42331-WB-303B,  Wiring  Maintenance 

3ABBU2331-WB-303C,  Aircraft  Eandtools 

3ABB42331-WB-303D,  Aircraft  Hardware 

TO  1-1A-8,  Aircraft  structural  Hardware 

TO  1-1A-11*,  Aircraft  Electric  and  Electronic  Wiring 


Audio  Visual  Aids 

Fila  AVA  $03,  Soldering  and  Soldering  Iron  Preparation 
Film  AYA  505,  Stripping  and  f  .Imping 

Training  Equipment 

T-^lner  U05>,  Torque  Wrench  Applicati  >n  (1) 
Trainer  2301,  Safetywire  (1) 
Trainer  lrU35-  Wiring  Maintenance  (1) 
Torque  Wrench  (1) 
alderlng  Iron  (1) 
Applicable  Eandtools  (1) 
Display  3oxes  UH5t  Aircraft  Bolts  (1) 

U116,  Aircraft  Pittiiigs  (1) 

U117,  Aircraft  Fasteners  (1) 

Ull3,  Pliers  (1) 

U119,  Wrench  (1) 

U120,  Sockets  (1) 

U121,  Hammer  (1) 


Training  Methods 

Sell  -Instruction  (Z  hrr 

Performance  (11  hrs) 


Tnyt^ actional  Guidance 

The  instructor  will  give  each  strdent  an  orientation  relative  to  laboratory 
procedures,  and  will  conduct  individual  assistance  as  retired,    r  -udents  axe 
required  to  use  wire  maintenance  trainers,  safety  wi_e  trainers,  soldering  , 
equipment,  and  torcue  vre~.ches  to  complete  assigned  projects.    Hie  instructor 
guldeb  and  assists  the  students  and  performs  progress  checks. 
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U.    Maintanaaace  of  Moisture  Separators 


a*    Match  components  of  the  moisture  separator  to  their  function 
and/or  operation.    70%  of  the  listed  components  must  be  matched 
correctly,    STSi    l6a(3)     Meas:  W 

b.    Using  a  TO,  applicable  handtools  and  equipment,  disassemble, 
inspect,  and  reassemble  a  moisture  separator  with  a  maximum  of  two  (2) 
instructor  assists,    STS:    1 6b     Meas:  PC 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABBU2331-PT-30U,  Operation  of  an  Aircraft  /ir  Conditioning  System  Moisture 
Separator 

3ABBU2331-WB-30U,  Maintenance  of  Moisture  Separators 

TO  1C-130A-06,  Work  Unit  Code  Manual 

TO  15A7-2-11-3,  Moieture  Separator 

A7T0  Fonn  349 »  Maintenance  Data  Collection  Record 

Moisture  Separator  (1) 
Applicable  Handtools  (1) 

Training  Methods 

Self -"Instruction  (1  hr) 

Performance  (2  hrs) 

Instructional  Guidance 

The  laboratory  instructors  will  provide  assistance  on  an  individual  basis  as 
required,  and  insure  that  each  objective  is  accomplished.    An  instructor  assist 
is  defined  as  limited  aid  such  as  location  of  a  component,  technical  direction 
or  explanation,  and/or  technical  order  interpretation  given  a  student  who  can 
proceed  no  further  on  his/her  own* 


■K    II  Or  IM4T*UCTION  WO 


3A3Hi*23^ 


ATC 


•  OHM 


OATH 

17  October  1978 


»A4t  NO. 


80 


ISA 


At^LACtl  *TC  *0mm  J»TA.  *AA  71,  *N0  770 A.  AUO  7*  WMICM  VilL  St 


ILWW  UiiUIII  


PUW  OF  IMSTHJgTlflM/i  .co^,  n,  .  ^- 

1  CGUkib  tiTLI 


79 


in 


r 


Aircraft  Environmental  Systems  Mechanic 


fTTCl 

Aircraft  tovlronment al  Systems  Units 
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5*    Maintenance  of  Bleed  Air  Distribution  Ducting 

a.    Inspect  a  section  of  aircrai    ducting  and  rocord  a  minimum  of 
three  discrepancies  found  during  the  inspection.    STS:    15b     Meas:  PC 

bleed  air  duct  insulation.    STS:    rgg     Meas:  W 

™  Vii" *  /dfltif5r^three  (3)  of  lour  M  nethods  used  to  alow  corrosion 
on  bleed  air  ducting.    STS:    10a     Meas:    V  ^sxon 

uses1'  75*5        f?GS  Cf  l1?^  ^nts  «d/or  lubricants  to  their 
uses.     (Vfi  of  the  items  must  be  matched  correctly.    STS:  10b 
Meas:    W  — 
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SUPPORT  MATERIALS  AID)  GUIDAHCE 

Student  Tfrffrrny**"fl»1  tt^tarltilg 

3iTOi|933'i-yp-3nt;f  Mnintfjanceof-  Bleed  Air  Distribution  Ducting 
JABR[»2331-«B-305,  Maintenance  of  Bleed  Air  Distribution  Ducting 

Aircraft  Ducting  (1) 

oelf -Instruction  (2  hrs; 
Performance  (1  br) 

The  instructor  will  make  sure  the  workbook  and  section  of  aircraft  ducting  are 
available  for  the  student  to  use.    Observe  student fs  progress  on  the  objectives 
and  provide  individual  assistance  as  necessary.    Answer  any  questions  that  may 
arise* 
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6.    Air  Turbine  Motor  Maintenance 

3 

a.  Identify  general  principle*  pertaining  to  the  operation  of  an 
air  turbine  motor  with  a  minimum  accuracy  of  80%.    STS:    20a     Me  as:  W 


*  b.    Using  maintenance  lata  collection  forms,  ground  air  cart, 
and  inspection  workcards  perform  an  operational  check  and  Inspect  the 
air  turbine  motor  with  a  maximum      two  instructor  assists.    STS:  3a, 
3b,  3g,  20b,  20c     Meas:  PC 
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SUPPORT  HiTmiALS  AMD  GUIDANCE 

Student  Instructional  Ms.tetfs.lf 

3ABBU2331-PT-306  H16),  Air  Turbine  Motors 

3AB8U2331-W-306  (316),  Maintenance  of  Air  Turbii.e  Motors 

AFPO  Tons  26,  Inspection  Vorkcard 

AFTO  Tom         Maintenance  Data  Collection  Record 


Ear  Protectors  (l) 
Air  Turbine  Motor  (2) 
MA-1A  Ground  Air  Cart  (2) 

Self-Instruction  (1  hr) 
Performance  (2  bra) 

Instructing  ftnrt»,v>? 

The  classroom  instructor  will  observe  students  in  class  and  insure  subject 
material  is  completed  before  testing.    Answer  any  questions  chat  may  arise. 
The  laboratory  instructor  will  orient  each  student  to  the  laboratory  situation, 
andbrief  students  on  safety  hazards  and  precautions  and  conservation  of 
energy  and  materials.    Stress  danger  areas  when  working  with  hot  compressed  air. 
Also,  insure  that  each  student  has  ear  protectors  when  working  in  Men 
intensity  noiso  areas.    Observe  students  performance  while  completing  the 
workbook,  and  provide  individual  assistance  as  required.    Have  students  record 
work  en  maintenance  data  forms.    Assure  each  objective  is  covered.  An 
instructor  assist  is  defined  as  limited  aid  such  as  location  of  a  component, 
technical  direction  or  explanation,  and/or  technical  order  interpretation, 
given  to  a  studsnt  who  can  progress  no  further  on  his/her  own. 
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Bod  gang? 


7.    Turbine  Refrigeration  Devices 

a.   Match  listed  components  of  a  turbine  refrigeration  device  to 
their  operation  and/or  location  with  7C%  accuracy.    STS:  I6a(l), 
16a(2),  l6aCl)     Keas:  W 
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PLAN  OF  (MTajCTIOM/LfSQN  PLAN  PART  I  (C~*\mm\m  M 


COUMf  COMTi  NT 


SUPFOEF  MiTSRIALS  AND  GUIDANCE 


Student  Instructional  Materials 
3ABB^2331-PT-30?,  Turbine  Refrigeration  Devices 

Self -Instruction  (3  hrs) 
Instructional  Guidance 

The  classroom  Instructor  will  Insure  all  necessary  material  is  available  for 
student  use.    He/she  will  observe  students  in  class  and  insure  subject  material 
is  completed  before  testing.    Answer  any  questions  that  may  arise. 
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Aircraft  Environmental  Systems  Units 

 Obiiksi  tfkttNT  1  


8.    Advanced  Tighter/Bomber  Air  Source  Oontrol  System 

a.  Match  ths  components  of  the  fighter/bomber  air  8outcs  control 
ays  ten  to  their  operation/function  with  7096  accuracy.    STS:  15a. 
I6a(l),  I6a(2)     Meas:  W 

b.  Using  a  wiring  diagram  of  ths  fighar/bomber  air  source  control 
syste.,  identify  seven  (7)  of  ten  (10)  ayetem  malfunctions  correctly. 
STSj    13b,  13c,  15a,  I6a(l),  l6a(2)     Meas:  PC 

c.  Using  a  wiring  diagram  and  a  sn]tim«ler,  perform  an  opera- 
tional check  on  the  advanced  fighter/bomber  air  conditioning  system 
trainer  and  troubleahoot  four  (h)  of  five  (5)  malfunctions  correctly. 
STSi    13b,  13c,  13d,  15a,  15b,  15c,  l£d,  I6ad),  l6a(2)     Meast  PC 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABHU2331-PT-308,  Advanced  Fighter/Bomber  Air  Source  Control  SyBtem 
3ABBt2331-WB-308Al  Advanced  Fighter/Bomber  Air  Souroe  Control  System 
3ABBU2331-WB-308,  Advanced  Tighter/Bomber  Air  Source  Control  System  Operational 

Check  and  Troubleshooting 
AJTO  Tozm  781A,  Maintenance  Discrepancy  and  Work  Document 
APTO  Form  3U9»  Maintenance  Data  Colleotion  Record 
TO  lF~111A-06,  Work  Unit  Code  Manual 

Training  Bouipoent 

Trainer  h02k,  Advanced  Fighter/Bomber  Air  Conditioning  SyBtem  (2) 
Multimeter  (1) 

^jfTtf^ff  Methods 
Se^f-Instruotion  (1.5  hrs) 
Performance  (9.5  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  observe  students  in  class,  and  insure  subject 
material  is  completed  before  testing.    Answer  any  questions  that  may  arise*  The 
laboratory  instructor  will  orient  each  student  to  the  laboratory  situation  and 
brief  the  students  on  safety  hazards  and  precautions  and  conservation  of  energy 
and  materials*    Observe  students  performance  while  completing  the  workbook  and 
provide  individual  assistance  as  required.    Have  students  record  work  on 
maintenance  data  forms.    Assure  each  objective  is  covered. 
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PUN  OP  INSTRUCTION/LESSON  PLAN  PART  1 
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Aircraft  Environmental  Systems  Mechanic 

III                 Aircraft  Environmental  Systems  Units 

l                                                     COwRSI  CONTENT 

1  TIME 

9*    Advanced  Tighter /Bomber  Air  Conditioning  System 

a.    Katch  the  components  of  the  advanced  fighter/bomber  air 
conditioning  system  to  their  function  and/or  operation  with  70% 
accuracy.    STS:    13*t  l6a(l)t  l6a(2)     Meas:  W 

d.    Using  »  wiring  diagram  of  the  advanced  fighter /bomber  air 
conditioning  system,  identify  seven  (7)  of  tan  (10)  systems  malfunction 
from  symptoms  given.    STS:    13h,  13c,  13di  l6a(l),  l6a(2)     Meas:  PC 

c.    Using  a  wiring  diagram  and  a  multimeter  perform  an  operational 
check  and  troubleshoot  the  fighter/bomber  air  conditioning  system 
trainer  locating  the  cans*  of  four  (U)  of  the  five  (5)  malfunctions 
given.    STSl    1  Jb.  13c,  13<i,  l6a(l),  l6a(2),  16c,  l6d(l)     Meas:  PC 

*  d.    Using  a  schematic  diagram,  source  of  hot  pressurized  air,  and 
the  fighter/bomber  environmental  systems  capsule,  perform  an  opera- 
tional check,  and  troubleshoot  the  system  locating  the  cause  of  four(U) 
of  five  (5)  malfunctions  given.    STS:    3e$  15*,  15c,  1&,  16b,  16c, 
l6dO),  17b,  17c,  17d     Meas:  PC 
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SUPPORT  K4XEBIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABBU2331-PT-309,  Jitter/Bomber  Air  Conditioning  System  1 
3ABBU2331-PT-309A,  Fighter/Bomber  Temperature  Control  System 
3ABBU233UVB-309A9  Jitter/Bomber  Temperature  Control  Wiring  Diagram 
3AHBl*2331-VB-30?9  Component,  Identification,  Operational  Check  and  Troubleshooting 
3ABH1|2331-WB-309B  (3ABH142331-WB-3H),  Functional  Check  of  Air  Conditioning 

System 

Training  Equipment 

Trainer,  1*021*,  Advanced  Fighter/Bomber  Air  Conditioning  fystem  (2) 
Trainer  CT5,  Environmental  Systems  (U) 
Ear  Protectors  (1) 
Multimeter  (1) 

f|Hr<r1n3rVT  Methods 

Self- Instruction  (U  hrs) 

Performance  (11  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  observe  students  in  class  and  insure  subject 
material  is  completed  before  testing.    Answer  any  questions  that  may  arise.  The 
laboratory  instructor  will  orient  each  student  to  the  laboratory  situation,  and 
brief  students  on  safety  hazards  and  precautions  and  conservation  of  energy 
and  materials.    Stress  danger  areas  when  working  with  hot  compressed  air.  Also, 
insure  that  each  student  has  ear  protectors  when  working  in  high  intensity  noise 
areas.    Observe  students  performance  while  completing  the  workbooks,  and  provide 
individual  assistance  as  required.    Have  students  record  work  on  maintenance 
data  forms.    Assure  each  objective  is  covered. 


10,    Measurement  Test  and  Test  Critique 

a.  Measurement  Test 

b.  Test  Critique 


PWAW  OF  INSTRUCTION  MO, 


JABHU2331 


ctober  1978 


»*at  no. 


ERIC 


ATC  133A 


*f PLACE*  ATC  roam  147 A.  MA*  71.  ANO  770 A,  AUO  71,  WHICH  WILL  il 

ut#o. 


95 


|Huiisr  nrnomR 
'  ICSES  bobui  


PLA*  OF  tHSTBUCTIOHAgSSOW  PLAM  PART  I 

 1  aumi 


XL 


III 


llfl«  TTTC1  1 

Aircraft  Environmental  Systems  Units 
cSTJmi  


ttuu*vi*w^^  ^yobqina  necnamc 


"  S  TIM  | 


11  .    Advafced  Fighter/Bomber  Windshield  Clearing  System  10 

a.  Match  components  o£*the  fighter/bomber  windshield  clearing  (1) 
system  to  their  function  and/or  operation  with  70%  accuracy. 
STS:    17a(k)     Meas:  W 

b.  Using  a  wiring  diagram,  identify  seven  (7)  of  ten  (10)  causes  (5) 
for  syBtem  malfunctions  in  the  filter/bomber  windshield  clearing 
system.    STS:    13b,  13c,  13d  Ifeas:  pc 

o.    Using  a  wiring  diagram  and  multimeter,  perform  an  operational  (U) 
che^  and  troubleshoot  malfunctions  on  the  fighter/bomber  windshield 
clearing  system  trainer  locating  the  cause  for  four(U)  of  the  five  (5) 
malfunctions  given.    STS:    l^b,  l^c,  r^d,  I7h,  17c,  17d 

Me  as:  PC 
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COUftM  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

3ABEU2331-PT-311  (3ABH142231-PT-310),  Fighter/Bomber  Windshield  Clearing  System 
3ABBI42331-VB-3HA  (3ABHU2231-VB-310A),  Pinter/Bomber  Windshield  Clearing  System 
3ABR1|2331-WB-311  (3AERU2231-WB-310),  Advanced  Fighter/Bomber  Windshield  Clearing 

System 

AFTO  Form  ?81A,  Maintenance  Discrepancy  and  Work  Document 
AJTO  Form  3U9t  Maintenance  Data  Collection  Record 
TO  1F-111A-06,  Work  Unit  Code  Manual 

Training  Equipment 

Trainer  U02li,  Advanced  Filter/Bomber  Air  Conditioning  System  (2) 
Trainer  CT5>  Environmental  Systems  (U) 
Multimeter  (1) 

Training  Methods 
Self-Instruction  (1  hr) 
Performance  (9  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  observe  students  in  class,  and  insvxe  subject 
material  is  completed  before  testing.    Answer  any  questions  that  nay  arise. 
The  laboratory  instructor  will  brief  each  student  on  safety  hazards  and  pre- 
cautions and  conservation  of  energy  and  materials.    Observe  students  performance 
while  completing  the  workbooks  and  provide  individual  assistance  as  required. 
Have  students  record  work  on  maintenance  data  collection  forms.    Assure  each 
objeotive  is  covered. 
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12.    Maintenance  of  Air  Control  Units 

a.  Match  *  *  components  of  air  control  units  to  their  function 
and/or  operation  *ith  70#  accttracy.    STS:    11a.  15a.  I6a(l).  I6a(2) 
Me  as:    W»    K  ' 

b.  Using  the  applicable  TO,  electric/pneumatic  component  trainer, 
multimeter,  and  the  necessary  tools,  bench  check  selected  air  control 
units  with  a  maximum  of  two  instructor  assists  for  each  air  control 

W^"*'    STSJ    3a'  1UC*  l5f'  l5h'  1<5a(l)'  l6b'  16c»  16« 

c.  Using  a  schematic,  match  the  components  of  an  airflow  oontrol 
and  shutoff  valye  to  their  function  and/or  operation  with  70%  accuracy. 
STS»    J£a,  16a(1 ).  I6a(2)     Me as:  W 

d.  Using  the  applicable  TO,  electric/pneumatic  component  trainer 
and  the  necessary  tools,  bench  check  an  airflow  control  and  shutoff 
valve  with  a  maximum  of  two  instructor  assists.    STS:  ike  l5f 
Jog    Meas:    PC  — 
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COURM  COMTf NT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Ins  true  t?^^]  Materials 
3AHBU2331-PT-312,  Afir  Control  Valves 

3AHBi|2331-WB-312,  Bench  Testing  Eleotrlo  Motor  Aotuated  Valves 
3JLBRU2331-PT-312A,  Principles  of  Airflow  Control  and  Shut off  Valve 
3ABHl*233VWB-312Af  Airflow  Control  and  Shut  off  Valve 
TO  9P5-5-59-U3f  Two  and  one-half  inch  diameter  Pneumatic  Shut off  Valve 
TO  9P5-1l*-3-3f  Two  and  one-half  inch  diameter  Modulating  Electric  Air  Shut  off 
Valve 

^TO  15A2-2-52-83,  Motor  Actuated  Butterfly  Shutoff  Valve  Assembly 
TO  1B-52G-06,  Work  Unit  Code  Manual 
TO  1$A2-2-92-3f  Power  Operated  Butterfly  Valve 
TO  1C-13QA-06,  Work  Unit  Code  Manual 

TO  l5A2-2-20-193t  Two  and  one-half  inch  diameter  Shutoff  Air  Flow  Regulator 
AFTO  ?ozm  3U9t  Maintenance  Data  Collection  Record 
APTO  Form  350,  Repairable  Item  Processing  Tag 

Training  Equipment 

Trainer  3038,  Electric/Pneumatic  Component  (1) 
Applicable  Aircraft  Valves  (1) 
Applioable  Handtools  (1) 
Multimeter  (1) 


Training  Methods 

*Self -Instruction  (7  hrs) 

Performance  (7  hrs) 

Instructional  Guidance  1 

Tfre  olassroom  instructor  will  observe  sirudents  during  class,  and  provide 
individual  assistance  as  required.    Insure  subject  material  is  completed  before 
testing,  and  answer  any  questions  that  may  arise.    Assure  that  the  objectives 
are  covered.    The  laboratory  instructor  will  orient  the  students  to  the*  labora- 
tory situation,  and  brief  them  on  safety  hazards  and  precautions.  Provide 
individual  assistance  as  required,  and  assure  objectives  are  covered.  An 
instructor  assist  is  defined  as  limited  air  such  as  location  of  a  component, 
technical  direction  or  explanation,  and/or  technical  order  interpretation,  given 
to  a  student  who  can  progress  no  further  on  his  own. 
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1    74J 

1                                                                Aircraft  Btavironmental  Syatamu  rwh-n^ 

U  £2  1  Aircraft  Bwrlmnmon^al  System  Unit« 

1  1                                    cAutat  dWf  int  

j  13.   Anti-G  Suit  System 

I         a.    Match  the  major  components  of  the  anti-G  suit  valve  to  their 
I  function  and/or  operation  with  70%  accuracy.    STS:    I7a(l)     Meas:  W 

I         b.    Using  a  ground  laboratory  test  kit,  electric-pneumatic 
1  component  trainer,  the  necessary  handtools,  and  the  applicable  TO, 
|  bench  check  an  anti-G  suit  valve  with  a  maximum  of  two  instructor 
assists.    STSi    ll*c,  17b,  VJd,  I7f,  I7g     Meast  PC 

I         c-    Inspect  an  anti-G  suit  valve  in  accordance  with  the  TO,  and 
list  four  (I;)  of  five  (5)  discrepancies.    STS:    17b     Meas:  PC 

L                                                    SUPERVISOR  APPROVAL  Of  tPt«y  PL  am  f»  a»T  m 

*  TIME 

2 
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W  PLAN  OP  IMSTtUCTlON/lISSOM  PLAN  P AIT  I  (C-*\m«\*m  M 


COUtSt  CONTIMT 


SUFPOEE  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 
3ABRU2331-PT-313,  Principles  of  Anti-G  System 
3ABHI42331-WB-313,  Maintenance  of  Anti-G  Suit  Valve 
TO  9P5-3-12-3,  Anti-G  Suit  Valve 

Training  Equipment 

Trainer  U058,  Anti-G  Srit  Valva  (1) 

Trainer  30 38,  Electric-Pneumatic  Component  (1) 

Teat  Kit  P/N  10670,  Ground  Laboratory  (1) 

Applicable  Eandtoola  (1) 


Training  Methods 

Self -Instruction  (1  hr) 

Performance  (1  hr) 


Instruction^  Guidance 

The  classroom  instructor  will  insure  that  the  cutaway  display  of  the  anti-G  suit 
valve  is  available  for  student  use.    Provide  individual  assistance  as  required, 
and  insure  subject  material  is  completed  before  testing.    Answer  any  questions 
that  may  arise.    Assume  that  the  objective  is  covered.    The  laboratory  instructor 
will  brief  students  oh  safety  hazards  and  precautions,  and  provide  individual 
assistance  as  required,  and  assure  the  objectives  are  accomplished.    An  instructor 
assist  is  defined  as  limited  aid  such  as  location  of  a  component,  technical 
direction  or  explanation,  and/or  technical  order  interpretation,  given  a  student 
who  can  proceed  no  further  on  his/her  own. 
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PLAN  OF  INSTBUCTIOH/LgSSOH  ?LAH  PAST  I 

Aircraft  Environmental  Systema  Mechanic 


III 


|  ILftCK  TITL1 —  

Aircraft  Environmental  Systems  Units 
cSUiBI  CONTENT 


1U.    Canopy  Seal  System 

a.  Match  the  major  components  of  the  canopy  seal  system  to  their 
function  and/or  operation  with  70%  accuracy.    STS:    17a(2)     Meas:  W 

b.  Using  the  electric-pneumatic  components  trainer,  the 
necessary  handtools  and  the  applicable  TO,  bench  check  a  canopy  seal 
pressure  regulator  with  a  maximum  of  two  instructor  assists. 

STS:  tjf,  I2g     Meas:  PC 

c.  Inspect  a  canopy  seal  air  regulator  ir  accordance  with  the 
TO,  and  list  two  (2)  of  three  (3)  discrepancies.    STS:    17b     Meas:  PC 


TIME 
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PLAN  OP  IMSTIUCTION/LISSON  PLAN  PART  I  (CeeHmetltft  M 

COUtftC  COMTIMT 


SUPPORT  MATERIALS  AMD  GUIDANCE 

Student  Instructional  hateriala 
3ABBU2331-PT-31U»  Canopy  Seal  System 
3ABHli2331-WB-3lUf  Maintenance  of  Canopy  Seal  Regulators 

TO  16R1-U-2-3,  Overhaul  Instructions  with  Illustrated  Parts  Breakdown  Canopy 
Seal  Pressure  Regulator 

Trainer  3038,  Electric-Pneumatic  Component 
Canopy  Seal  Regulator  (1) 
Applicable  Eandtools  (1) 

rr>y**iT>infi  Methods 

Self -Instruction  (1  hr) 

Performance  (3  hxs) 

Tn«tniQtlonal  Guidance 

Tba  classroom  instructor  will  observe  students  during  class  and  provide  indi- 
vidual assistance  as  required.    Insure  subject  material  is  completed  before 
testing.    Assure  the  objective  is   overed.    The  laboratory  instructor  will 
Insure  safety  precautions  are  followed  and  provide  individual  assistance  when 
necessary.    An  instructor  assist  is  defined  as  limited  aid  such  as  looation  of 
a  oomponent ,  technical  direction  or  explanation,  aud/or  technical  order 
interpretation,  given  to  a  student  who  can  progress  no  further  on  his/her  own. 
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r»                            1  Aircraft  Environmental  S vat emu  Mefth««^l 

III 

V 

Aircraft  Environmental  Systems  Units 

oWAsi  c&htent  —  

i  TIME  j 

15«    Pressurization  Sys tenia 


a.    Match  cabin  preseurization  syat.*  terms  and/or  Drincinlea  of 

sssrj^sss:  i^r  jsr  £7)  of  ten  (10)  iSrss  * 

functJon  a^Arl%^en\aoSfc?T  pre88™°*  8^  tc  their 
correctly.    sSt^   ^aal   w  ""P011"*8  nuat  *•  etched 


12 
(3) 
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FLAM  OP  IMSTmJCTION/LISSOM  PLAN  f  AIT  I  «U«\m«\~  M 


COUftSI  COMTIMT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instruction  Mat^rl^-ia 
3ABRU2331-PT-315,  Pressurization  Principles 
3AHEU2331-PT-31SA,  Pinter  Pressurization  System 
3ABBU2331-*PT-315B9  Bomber  Pressurization  System 
3ABHl|2331-PT-315C,  Variable  Isobaric  Pressurization 

Audio  Visy»i  Aifl« 

Film  LFC  U212,  Pressurization  Principles 

Film  LFC  U213t  Fighter,  Bomber  and  Cargo  Pressurization  Systems 

tw^ry  Methods 

Self -Instruction  (12  hrs) 

Instructional  Guidance 

The  classroom  instructor  will  inform  the  students  that  they  are  to  watch 
training  films  LFC  U212  and  LFC  U213  before  starting  on  the  programmed  -texts. 
The  instructor  will  insure  all  necessary  material  is  available  for  student  use. 
He/she  will  observe  students  in  class  and  insure  subject  material  is  completed 
before  testing.    Answer  any  questions  that  may  arise. 
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FLAM  Of  IMTMJCT10MA.ESS0N  PLAN  PART  I  (Ce*8iw«tl«i  IU) 


COUftSI  COMTtNT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABHU2331  -WB-31 16  (3ABBl^2231-WB-317)i  Operation  of  MB-3  Leakage  Tester 
3ABHU2331-WB-316A  (3ABRU2231-5W-317),  Cabin  Pressure  Leakage  Check 
TO  33Ai^-li-10-1 ,  Portable  Electric  Motor  Driven  Pressurized  Cabin  Leakage  Tester 
Type  MB- 3 

TO  1F-111A-2-2-1,  Airframe  and  Related  System 
TV*iT^|i^r  Equipment 

Trainer  CT-5  Environmental  Systems  or  Aircraft  (U) 

Safety  Net  (I*) 

Warning  Signs  (U) 

MB-3  Cabin  Leakage  Tester  (U) 

Tool  Bex  (U) 

Training  Methods 
Performance 

Infltruotional  Guidance 

The  instructor  will  orient  students  to  the  laboratory  situation  and  brief 
students  on  danger  areas  and  noise  protection.    Provide  individual  assistance 
as  required,  and  assure  objectives  are  accomplished.    An  instructor  assist  is 
defined  as  limited  aid  such  as  location  of  a  component,  technical  direction  or 
explanation,  and/or  technical  order  interpretation  given  to  a  student  who  can 
proceed  no  further  on  his  own. 


17.  MT    (identified  in  course  chart) 

18.  Measurement  and  Critique 

a.  Measurement  Test 

b.  Test  Critique 
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PLAH  OF  INSTRUCTION/LESSON  PL  AH  P/RT  1 

Aircraft  Environmental  Systems  Mechanic 

•LOCK  NUMtE*                             »LOCK  TITLI   

17           j      Utility  Syatemo  and  Flight  Line  Maintenance 

I                                              course  CONTENT 

2-  TIME 

1 .    Gaseous  Oxygen  Systems 

a.    Relate  four  (k)  of  five  (3)  low  and  high  pressure  gaseous 
oxygen  system  components  bo  their  purpose.    STS:    21a(l)     Meas:  W 

Helate  four  (U)  of  five  (5)  demand  oxygen  system  components 
with  their  purpose.    STS:    21a(l)     Meas:  W 

c.  Relate  four  (U)  of  five  (5)  pressure  demand  oxygen  system 
components  to  their  purpose.    STS:    2la(l)     Meao:  W 

d.  Relate  four  (k)  of  five  (5)  continuous  flow  oxygen  system 
components  to  their  purpose.    CTS:    21a(0     Meas:  W 

e.  Select,  without  error,  safety  precautions  pertaining  to  the 
use  and  handling  of  gaseous  oxygen.      STS:    21h     Meas:  W 

(.5) 

(1) 
(1) 
(1) 

(.5) 

s 

SUPERVISOR  APPROVAL  OP  LESSON  PLAN  (PART  II) 

SIGNATURE  AND  DATE 
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PLAN  OP  IMTtUCTIOM/ieSSnM  FLAM  PART  I  (CmHi*«I«i  M 


COUiSi  COHT1NT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABBi^2331-PT-U01 ,  Principles  of  Gaseous  Oxygen  and  Safety 
3AEH1*2331-PT-U01A,  Low  and  High  Pressure  Gaseous  Oxygen  Systems 
3ABR42331-PT-U01B,  Demand  Oxygen  Equipment 
3ABRU2331-PT-^01C,  Pressure  Demand  Oxygen  Equipment 
3AERi£33 1 -PT-U01 D ,  Continuous  Plow  Oxygen  Equipment 

Training  Methods  . 

Self -Ins true t ion  (h  hrs)  . 

•  Instructional  Guidance  * 
The  instructor  will  instruct /supervise  the  student  class  study  period, 
continually  administer,  evaluate  and  critique  appraisals  as  each  student  pro- 
gresses f  insure  the  student  has  correct  module  materials,  record  student  pro- 
gress, counsel  student  as  needed  regarding  academic  and  non-academic  reasons, 
monitor  breaks  and  clean-up  periods.    The  instructor  will  provide  individual 
assistance  to  each  student  as  needed  during  class.    Each  student  must  satis- 
factorily complete  the  appraisal  to  satisfy  the  objecti7e(s).    The  instructor 
will  pick  up  all  reusable  training  literature  from  the  student(s)  as  feasible. 
Turn  off  all  power  when  applicable  to  conserve  energy  and  resources.  The 
instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed  instructions  on 
this  module.  ^ 
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PUM  Of  IHSTIUCTIO 

Aircraft  Environmental  Systems  Mechanic  1 

IV 

ll  

Utility  Systems  and  Flight  Line  Maintenance 
coUfag  ggTBg   *   

*  TlMi| 

2.    Liquid  Oxygen  Systems 

a.    Relate  four  (U)  of  five  (5)  basic  liquid  oxygen  syetem 
components  to  their  purpose,    STS:    21a(2)     Meas:  W 

be    Relate  four  (U)  of  five  (5)  advance  liquid  oxygen  system 
components  to  their  purpose.    STS:    21a(2)     Meas:  W 

c.  Relate  four  (U)  of  five  (5)  liquid  oxyaen  quantity  indicating 
system  components  to  their  purpose.    STS:    21a(2)     Meas:  W 

d.  Relate  four  (U)  of  five  (5)  oxygen  system  servicing  equipment 
components  to  their  purpose.    STS:    21a(2)     Meas:  V 

e.  Select,  without  error,  safety  precautions  involved  in  handling 
liquid  oxygen.    STS:    21h     Meas:  V 

f.  Prom  a  list  of  statements,  identify  four  (U)  of  five  (5) 
statements  concerning  the  correct  usage  of  CTKs  and  POD  prevention 
program.    STS:    8c     Msas:  W 
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COUfSKCOMTIHT 


SOPPOBT  MATERIALS  AMD  GUIDANCE 


Student  Materiale 

31^119331^^02,  Characteristics  and  Safe  Handling  of  Liquid  Oxygen 
3ABHli2331-PT-U02l,  Aircraft  Liquid  Oxygen  System  Basio  System  with  Single 
Function  Valves 

Aircraft  Liquid  Oxygen  System  Advanced  Design  with  Dual 
Function  Valves 
^^;j.-rx-Hvtv,  Liquid  Oxygen  Quantity  Indioating  Systems 
3ABHU2331-PT-U02D  (3AHBl*2331-PT-U03) ,  Oxygen  Systems  Servioing  and  Equipment 
3AHBi*2331-HD-4402,  Foreign  Objeot  Damage  Prevention  and  Composite  Tool  Kite 


3AHHU2331-PT-U02B, 
3ASH142331-PT-U02C, 


qy^pinfl  Methods 

Self -Instruction  (U  hrs) 

Tngtnif>ti™«T  guidance 

The  instructor  will  instruct/supervise  the  student  olass  study  period, 
oontinually  administer,  evaluate  and  oritique  appraisals  as  each  student  pro- 
gresses, insure  the  student  has  oorreot  module  materials,  reoord  student  pro- 
gress, oounael  student  as  needed  regarding  academio  aad  non-academio  reasons, 
monitor  break  and  olean-up  periods.    The  instructor  will  provide  individual 
assistance  to  each  student  as  needed  during  olass.    Each  student  must  satis- 
factorily oomplete  the  appraisal  to  satisfy  the  objeotive(s).    The  instructor 
will  pick  up  all  reusable  training  literature  from  the  etudent(s)  as  feasible. 
Turn  off  all  power  xhen  applioable  to  conserve  energy  and  resources.  The 
instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed  instructions  on 
this  module. 
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3.    Infection  and  Maintenance  of  Liquid  Oiygen  Systeae 

^Vc*!'^1^^  «*  wor, 

is  permissible.    STS.    3a,  3c,  2?f   MelaT'pc       ( 0  iMtractor  M8i»* 

pe^eeible.    STS:    3^,X(2)     Me£:  ^  lMtrUCtor  *■ 

tionai  aSlfaSaSlett1  onVl^  ****  ****™nt,  perform  an  opera- 
instructor  iSt!   SK:    >    3rL0flf  ni,8yBt^With  °ne  <1> 
Meaa:    PC  3  *  3c*  Miil*  XUe*  21b,  21c,  21d,  21h 
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PLAN  Of  INSTMJCTION/LISSON  PLAN  PART  I  (C~rtM«fM  M 


COURM  COMTtNT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

31BRU2331-WB-U03,  Oxygen  Systems  Laboratory  Projects 
TO  15X1-1,  Oxygen  Systems  and  Equipment 
TO  1T-38A-06,  Work  Unit  Cede  Manual 

TO  33D2-10-U-6-1 ,  Operation,  Servicing,  Maintenance  and  Repair  Instructions  - 

Liquid  Oxygen  Tester  TTU/162E 
TO  33D2-6-182-1 ,  Operation  and  Servicing  Instructions  Capacitance  Liquid  Oxyffen 

Quantity  Indicating  Systems  Test  Set  TF20-V 
AFTO  Form  26,  Inspection  Workcard 
APTO  Form  3k9,  Maintenance  Data  Collection  Record 

Tra^n^ng  Equipment 

Go-no-go  Gage  (2) 

Oxygen  Safety  Equipment  ( 1 ) 

MH-1  Leak  Tester  (2) 

Tool  Kit  (2) 

Sonic  Leak  Detector  (2) 

Oxygen  Converter  (2) 

TTU/162E  Converter  Tester  (2) 

TTU/28E  Master  Gage  (2) 

Hot  Purge  Kit  (2) 

ME-2  Leak  Tester  (2) 

TP-20-1  Capacitance  Tester  (2) 

MA-1  Service  Cart  (2) 

TMU/27  S—vice  Cart  (2) 

Trainer  3251  Liquid  Oxygen  (2) 

Trainer  1762  Oxygen  Systems  (2) 

Trainer  3193  Liquid  Oxygen  Converter  (2) 

Tester,  Field  (2) 

Training  Methods 
'Performance  (16  hrs) 

Instructional  Guidance 

The  lab  Instructor  will  supervise  the  lab  period, 'continually  administer,  evalu- 
ate and  critique  performance  exercises  and  performance  test  as  each  student  pro- 
gresses, insure  student  has  correct  module  materials  and  equipment,  record  stu- 
dents progress,  counsel  student  as  needed  regarding  academic  and  non-academic 
reasons,  monitor  breaks  and  claan-u,  periods,  insure  student  complies  with  safety 
practices  LAW  APR  127-101.    The  instructor  will  provide  individual  assistance  to 
each  student  as  needed  during  lab  projects.    Each  student  must  satisfactorily 
complete  the  individual  performance  exercises  and/or  performance  tests  to  satisfy 
the  objectives.    The  instructor  will  pick  up  all  reusable  training  Literature  from 
the  student  as  feasible.    Turn-off  all  power  as  applicable  tc  conserve  energy  and 
resources.    The  instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed  in- 
structions on  this  module.    An  instructor  assist  is  defined  as  limited  aid;  suoh 
as  location  of  a  component,  technical  direction  or  explanation,  and/or  technical 
order  interpretation  given  a  student  who  can  proceed  no  further  on  his/her  cwn. 
A  detected  safsty  violation  -(DSV)  is  an  automatic  failure  for  that  objective. 
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item  and  Flight  Line  Maintenance 


Utilil 

h-    Cryotainer  Systems  Maintenance  \ 
purpo'e.^!  ^as°f  T  ^  CIy°t*iner  COnrp°nent8  to  their 

STS:b*2^b8*Me'L:tlK;8af9ty  precautions  relative  to  cryotainers. 

♦  c.    Using  a  KC-13  vacuum  pump,  vacuum  micron  gage  and  50  gallon 
cryotainer,  evacuate  cryotainer.    Three  (3)  instructor  assists 
permissible.    STS:    3a,  3b,  3c,        26b     Meas:  PC 

JL!'™^  *  3MI;27M  5f?  Qart'  GSU"62M  «**  W  workbook 

purge  cryotainer.  Pour  (U)  instructor  assists  permissible.  STS:  3a, 
3b,  3c,  3g,        26o    Meas:   PC  „       *  J  ' 

♦  e.    Using  a  cryotainer,  tools,  inspection  workcard,  inspect 
cryotainer  and  components,  locating  three  (3)  discrepancies  and 
record  on  AFTO  Pom  31+9-    One  instructor  assist,  perYorm,  is 
permissible.    STS:    3a,  3c,  26d     Meas:  PC 

♦  f .    Using  leak  teck  solution,  ultrasonic  leak  detector,  safety  - 
equipment  and  cryotainer,  perform  operational  and  leak  checks.  Or* 
instructor  assist  permissible.    STS:  f  3a,  30,  26e  Meas:  PC 

♦  g.    Using  assigned  cryotainer  and  proper  tools,  remove  and 
reinstall  ^three  (3)  of  the  eleven  (11)  selected  component*.    One  L 
instructor  assist  in  permissible.    STS:    3a,  3c,        26f     Meas:  PC 
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COUtSt  COMTINY 


SUFPCBT  MATERIALS  AND  CUIEAKCE 

Student  Instructional  Materials 
3ABHU2331-PT-U0U,  Cryotainer  Construction  and  Maintenance 
3ABBl*2331  -WB-UOU^  Inspection  and  Maintenance  of  Cryotainers 
APTO  Form  3^9 »  Maintenance  Data  Collection  Record 
TO  00-25-06-2-2 ,  Work  Unit  Code  Manual  (Support  Equipment) 

^TTinrtTYT  Equipment 

Cryotainer  Storage  Tank  (2) 
Purge  Unit  (2) 
Vacuum  Pump  (2)  - 
Micron  Gage  (2) 
Applicable  Tools  (1) 

Training  Methods 
Self-Instruction  (3.5  hrs) 
Performance  (20.5  hrs)  ■ 

Instructional  Guidance 

The  classroom  and/or  lab  instructor  will  supervise  the  student  class  study  and/or 
lab  period,  continually  administer,  evaluate  and  critique  appraisals,  performance 
exercises  and  performance  tests  as  each  student  progresses,  insure  strident  has 
correct  module  materials  and  equipment,  record  students  progress,  counsel  student 
as  needed  regarding  academic  and  non-academic  reasons,  monitor  breaks  and  clean- 
up periods,  insure  student  complies  with  safety  practices  IAV  APR  127-101.  The 
instructor  will  provide  individual  assistance  to  each  student  as  needed  during 
class/lab  period.    Each  student  must  satisfactorily  complete  the  individual 
appraisals  and/or  performance  exercise  and/or  performance  tests  to  satisfy  the 
objectives.    An  instructor  assist  it*  defined  as  limited  aid  such  as  the  location 
of  a  component,  technical  direction  or  explanation  and/or  technical  order  inter- 
pretation for  the  student  who  can  proceed  no  further  on  his/her  own.    A  detected 
safety  violation  is  an  automatic  failure  for  this  objective.    Stress  danger  areas 
when  working  with  hot  compressed  air  and  high  pressure  gases.    Also,  insure  that 
each  student  has  ear  protectors  when.. working  in  high  intensity  noise  areas.  The 
instructor  will  pick-up  all  reusable  training  literature  from  the  student  as 
feasible.    Turn  off  power  when  applicable  to  conserve  energy  and  resources.  The 
instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed  instructions  on  this 
module. 

MIS:    One  instructor  is  required  for  every  four  (h)  students  performing  in  this 
station.    Students  in  this  station  use  purge  units  and  vacuum  pumps  (the 
purge  unit  produces  hot  compressed  air)  and  safety  equipment  to  complete 
assigned  projects.    Students  also  work  with  high  pressure  gas  cylinders. 
Multiple  instructors  are  required  for  20*5  hours  of  this  lesson. 
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lAirCTUft  l&Tvi  mnmrnif  fll    infant  Ma^«ti4  a  1 

5.    Life  Raft  Inflation  Equipment 

a*    Relate  four  (k)  of  five  (5)  components  of  life  raft  inflation 
equipment  to  their  purpose,    STSi    2^a     Me  as:  W 

b.   Relate  four  (U)  .of  five  (5)  components  of  life  raft  recharging 
equipment  to  their  purpose,    STSi    23b     Meas:  W 

*  c.    Identify  the  safety  precautions  relative  to  recharging  and 
discharging  life  raft  cylinders  with  10096  accuracy,    STS:    3a,  3c,  23f 
Uses •  W 

*  d.    Using  the  inflation  cylinder  recharging  equipment,  scales  and 
tools,  prepare  and  service  a  life  raft  cylinder  to  within  1/100  lbs  of 
its  specified  weight.    STS:    3a,  3c,  3g,        £3b,  230,  2Jf     Meas:  PC 

*  e.    Using  an  assigned  life  raft  cylinder  and  tools,  inspect  the 
valve  head  assembly  and  cylinder.    One  instructor  assist  fa  permissible 
STS:    3a,  3c,  2jo     Meas:  PC 
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SOPPOHT  MATERIALS  AND  GUIDANCE 
Staflaat  Instraotional  Materials 

3ABRU2331-FP-U05  (3ABBL|2331-PT-U0l|) ,  Life  Haft  Inflation  Equipment 

3AHHi|2331  -PT-U05A  (3ABBit2331-PT-U0i|A),  Recharging  Equipment  for  and  Maintenance 

of  Life  Baft  Cylinders 
3ABHi*2331-VB-U05  ^3ABHl42331-WB-U0U)  1  Inspection,  Operation  and  Recharging  Life 

\  Haft  Cylinders 

TO  3hY1IhU-2-1>i}  Operation,  Ser/ioing  and  Repair  Instructions,  Carbon 

Dioxide  Servicing  Unit 

rlnff  Ecnilpment 
Carbon  Dioxide  Recharging  Unit  (2) 
Soils-Dial  and  Beam  (2) 
Life  Haft  Inflation  Cylinder  (2) 
Tool  Kit  (2) 

TVa^Tifnfl  Methods 

Self -Instruction  (2.5  bxs) 

Performance  (3  brs) 

instructional  Guidance  y 
The  classroom  and/orTab  instructor  will  supervise  the  student  class  study  and/ 
or  lab  period,  continually  administer,  evaluate  and  critique  appraisals,  per- 
formance exercises,  and  performance  test  au  each  student  progresses,  insure 
student  has  correct  module  materials  and  equipment,  record  students  progress, 
counsel  student  as  needed  regarding  academic  and  non-academic  rea  ons,  monitor 
breaks  and  clean-up  periods,  insure  student  complies  with  safety  practices  IAW 
APR  127-101.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  olass/lab  periods.    Bach  student  must  satisfactorily  complete 
the  individual  appraisals,  and/or  performance  exercise  and/or  performance  tests 
to  satisfy  the  objectives.    An  instructor  assist  is  defined  as  limited  aid  such 
as  the  location  of  a  component,  technical  direction  or  explanation,  and/or 
technical  order  interpretation  given  a  student  who  can  proceed  no  further  on 
his/her  own.    A  detected  safety  violation  is  an  automatic  failure  for  that 
objective.    The  instructor  will  pick-up  all  reusable  training  literature  from 
the  student  as  feasible.    Turn  off  all  power  when  applicable  to  conserve  energy 
and  resources.    The  instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed 
instructions  on  this  module. 
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GB9K9I  TITLE' 

Aircraft  Environmental  Systems  Mechanio 


IV 


Utility  Systems  and  Flight  Line  Maintenance 


CPUJUI  CONTENT 


6.    Fire  Extinguisher  System  Maintenance 

a.    Associate  four  (U)  of  the  five  (5)  components  of  the  fire 
extinguishing  directional  system  with  their  purpose.    STS:  22ad). 
22a(2)     Me as:  W   

Select  the  safety  precautions,  without  error,  involved  in 
the  handling  of  fire  extinguishing  agents,  toxic  compounds, 
explosive  squibs  and  high  pressure  gases.    STS:    221     Me  as:  V 

*  c.    Using  a  fire  extinguishing  trainer,  inspection  workcard  and 
maintenance  data  collection  forms,  inspect  the  fire  extinguishing 
system,  recording  a  minimum  of  five  (5)  discrepancies  on  appropriate 
forms.    One  instructor  assist,  per  form,  is  permissible.    STS:  22b 
Meas:    PC  — — " 

*  d.  Using  a  trainer,  perform  an  operational  check  of  the  fire 
extinguishing  system,  with  one  instructor  assist.  STB:  22c,  22i 
Meas:    PC  *   

*  e.    Using  a  fire  extinguishing  trainer  and  multimeter,  trouble- 
shoot  the  system  for  malfunctions,  locating  four  (U)  of  five  (5) 
causes  correctly.    STS:    22d,  22i     Meas:  PC 

*  f.    Using  squibs,  container  provided,  and  igniter  circuit  -tester, 
bench  check  two  (?)  squibs  for  proper  resistance  value,  with  one 
instructor  assist,  while  observing  all  safety  precautions  pertaining 
to  explosive  squibs.    STS:    22f,  22i     teas:  PC 

g.  Relate  four  (k)  of  the  five  (5)  components  of  the  fire 
extinguishing  servicing  uiiit  to  their  purpose.  STS:  22g,  22h 
Meas:  V 
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SUPPOKP  MATERIALS  AND  GUIDANCE 
Student  instructional  Materials 

3ABHI4233I-PT-UO6  (3AB8U2331-PT-1407A) ,  Aircraft  Fire  Extinguishing  Liquid  Agent 

Syetema 

3ABBU2331-EP-U06A  (5ABH42331-FT-U07B),  Aircraft  Fire  Extinguishing  System 

He  charging  Equipment 
3ABHl|2331-WB-U06  (3ABEU2331-WB-U07),  Inspection  and  Operational  Check  of  a  Fire 

Extinguishing  System 
3ABBU2331-WB-)'06A  (3ABR^331-WB-U07A),  Troubleshooting  Fire  Extinguishing  and 

Etagine  Isolation  Systems 
3ABEU2331-WB-U06B  (3ABHl|2331-WB-U07B),  Bench  Check  Fire  Extinguishing  Components 
AFTO  Form  26,  Inspection  Vorkcard 
AFTO  Form  3U9  9  Maintenance  Data  Collection  Record 

Film  AVA  C-1U1  Fire  Extinguishers 
Training  Equipment 

Trainer  3180  Fire  Extinguishing  System  (2) 
Container  and  squib  (2) 
Multimeter  (2) 
Igniter  Tester  (2) 

Training  Methods 

Self -Instruction  (3*5  tea) 

Performance  (lw5  hrs) 

Instructional  Guidance  ^  _    .    .         .  -    m«  / 

The^Laaaroom  and/or  lab  instructor  will  supervise  the  student  class  study  and/ 
or  lab  period,  continually  administer,  evaluate,  and  critique  appraisals ,  per- 
Joraancrexerci.ee,  and  performance  teets  as  each  student  P«^"»»^e 
student  has  correct  module  materials  and  equipment,  record  student  P»^M, 
counsel  student  as  needed  regarding  academic  and  non-academic  masons,  monitor 
breaks  and  clean-up  periods,  insure  student  complies  with  safety  practices  uw 
lS  127^01?  S ^instructor  will  provide  individual  assistance  to  each  student 
If  neeU  durinTclass/iab  periods.    Each  student  must  satisfactorily  complete 
,  the  individual  appraisals,  and/or  performance  exercises,  and/or  performance 
Satrto  .^ffSrSbjectivei.    Axuinstructor  assist  is  defined  as  limited  aid 
such  as  location  cf  a  component,  technical  direction,  or-  ^^^J^0* 
Schni3al  order  interpretation  given  a  student  who  can  proceed  no  further  on 
his/her.  own.    A  detected  safety  violation  is  an  automatic  failure  for  that 
objective.    The  instructor  will  pick  up  all  reusable  training  li^rature  aa 
feasible.    Turn  off  all  power  when  applicable  to  conserve  energy  and  resources 
STinsJructoTwill  refer  to  Part  II  Teaching  Guide  for  detailed  instructions 
on  this  modules 
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7. 


Liquid  Befrlgeration  Systems  and  Components 


*H*i*te  f0Ur  ^  of  five  (5)  components  of  a  liquid  coolant 
system  to  its  operation.    STS:    25a(l)     Heas:  V 

b.    Relate  four  (U)  of  five  (5)  components  of  a  liquid  cycle 
refrigeration  system  to  thoir  purpose.    STS:    25a(2)     Meas:  W 

o.  Seleot  the  safety  precautions  relative  to  liquid  refriaerants 
without  error.    STS:    2&    Meas:    PC  ^  8 

*  d.    Using  an  inspection  workcard,  maintenance  data  collection 
forms,  and  trainer,  inspect  a  liquid  refrigeration  system,  recording 
a  minimum  of  two  (2)  discrepancies.    One  instructor  assist,  per  form, 
is  permissible.    STS:    3a,  3c,  3g,  7d,  2£b     Meas:  PC 

*  e.    Using  a  trainer,  perform  an  operational  check  of  a  liquid 
refrigerant  system  with  one  instructor  assist.    STS:    3a.  3c  3* 
2£c,  2$h     Meas:    PC  *' 

*  f.    Using  a  trainer  and  schematic,  troubleshoot  a  liquid 
refrigerant  system,  with  one  ins-tractor  assist.    STS:    3a,  3c,  3g, 
25d     Meas :    PC  \  y 

*  g.    Using  a  trainer,  vacuum  pump,  leak  detector,  tool  kit  and 
Freon  cylinders,    bench  check  and  repair  system  components,  with  one 
instructor  assist.    STS:  2gf ,  2fo.  Meas:  PC 
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COUftM  COMT1MT 


SUPPQKF  MiXSaiALS  AND  GUIDAHCE 


Student  Instructional  Materials 

3ABW|2331^--U07  (3jSbU2331-W-U09)  ,  Liquid  Coolant  Systems 
3ABB142331-PT-U07A  (3ABB1I31-PF-U09A),  Liquid  Cyole  Refrigeration  System 
3ABRU2331-WB-U07  (3ABBU2331-VB-1*09),  Liquid  Refrigerant  System  Maintenance 
AJTO  Form  26,  Inspection  Vorkoard  ^ 
APPO  Form  3U9?  Maintenance  Data  Collection  Record 

Audio  Visual  Aids 

Pilm  TT  $6ZUB,  Refrigeration,  Expansion  Valves,  Thermostatic  Valve  Operation 
Tilm  XT  5536A,  Servicing  the  MA-3  Air  Conditioner 
Kim  TP  5536B,  Refrigeration 

Training  Equipment  ^ 


Vacuum  Pump  (2) 
Leak  Detector  (2) 
Preon  Cylinders  (2) 
Tool  lit  (1) 

Training  Methods 

Self -Ins  traction  (U«5  hrs) 

Performance  (9  hrs) 

Instructional  Guidance 

The  classroom  and/or  lab  instructor  will  supervise  the  student  class  study  and/ 
or  lab  period,  continually  administer,  evaluate  and  critique  appraisals,  per- 
formance exercises,  and  performance  tests  as  each  student  progresses,  insure 
student  has  correct  module  material  and  equipment,  record  students  progress, 
counsel  student  as  needed  regarding  academic  and  non-academic  reasons,  monitor 
breaks  and  clean-up  periods,  insure  student  complies  with  safety  practices  IAV 
AIR  127-101.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  the  class/lab  periods.    Each  student  must  satisfactorily 
complete  the  individual  appraisals,  and/or  performance  exercises  and/or  perfor- 
mance tests  to  satisfy  the  objectives*    An  instructor  assist  is  defined  as 
limited  aid  such  as  the  location  of  a  component,  technical jiireotion  or  explana- 
tion, and/or  technical  order  interpretation  given  a  student  who  oan  proceed  no 
further  on  his/her  own.   A  detected  safety  violation  is  an  automatic  failure 
for  this  objective.    The  Instructor  is  to  insure  each  student  wears  eye  pro- 
tection during  the  handling  of  Treon  tc  prevent  possible  blinding  of  the  student. 
The  instructor  will  pick  up  all  reusable  training  literature  from  the  student  as 
feasible.    Turn  off  all  power  when  applicable  to  conserve  energy  and  resources. 
The  instructor  will  refer  to  Part  II  Teaching  Guide  for  detailed  Instructions  on 
this  module.  t 
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9.    Plight  Line  Maintenance  -  Inspections 

*  f*    ^ain«\an  inspection  workcard,  available  "ircraft,  applicable 
technical  orders/  and  maintenance  data  collection  forms,  indent 
selected  components  of  the  bleed  air  distribution  system,  r££ding  a 
minimum  cf  two  (2    discrepancies  on  appropriate  forms.  On/insW?r 
aasist^er  for*  is  permissible.    STS:    3a/  3c  3g,  Ub.JS,  7c 

*}'  .UsJ5«  311  inspection  workcard,  available  aircraft,  applicable 
technical  orders  and  maintenance  data  collection  forms,  inspect 
selected  components  of  the  air  conditioning  system,  recording  a  '- 
a^sT  °L  fl°J5}  di8cre^eB  ^appropriate  forms.  ^instructor 
teas:    PC  Permissible.    STS:    3a,  3c,  3g,  Ub,  fad,  7c,  16b 

J  \  ^ 

*    IT^  ,U8f?*  811  Section  workcard,  available  aircraft,  applicable 
technical  orders,  and  maintenance"  data  collection  forms,  inspect 
selected  components  of  the  auxiliary  air  system,  recording  a  minimum 
of  two  (2)  discrepancies  on  appropriate  forms.    One  instructor  assist 
is  permissible.    STS:    3a,  }c,  3g,  l*b,  U,  7c,  JJb     Meas:  PC 

*  d.    Using  an  inspection  workcard,  available  aircraft,  applicable 
technical  orders  ifcd  maintenance  data  collection  forms,  inspect 
selected  components  of  the  pressurization  system,  recording  a  minimum 
or  two  {,2)  discrepancies  on  appropriate  forms.    One  instructor  assist, 
per  form,  is  permissible.    STS:    3a,  3c,  3g,  Ud,  7c,  ^8b     Meas:  PC 

*  e.    Using  an  .inspection  workcard,  available  aircraft,  applicable 
technical  orders  and  maintenance  data  collection  forms,  inspect  ' 
selected  components  of  the  liquid  oxygen  system,  recording  a  minimum 
of  five  (5)  discrepancies  on  appropriate  forms.    One  instructor  assist 
is  permissible,  per  form.    STS:    3a,  3c,  3g,  Ub,  hd.  7c,  21b 
Meas:  PC   
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SUPPOST  MATERIALS  AHD  GUIDANCE 

Student  Inetructional  Materials 
Applicable  Teohnical  OrderB 

AITO  fom  3U9»  Maintenance  Dnta  Collection  Record 
ATIO  form  26,  Inapeotion  Vorkcard 

31BHU2331-HO-U10,  POO  Prevention  (Replaced  by  3ABR42331-HO-402) 


(U) 


Available  Aircraft 
Tool  Kit  (2) 
MH-2  Leakage  Teeter  (1) 
T-3dA  Heat,  PresHurization  and  Anti-Ice 

Performance  (To  hre) 

Multiple  Inatruotor  Reouiremente 
Safety,  Equipment  and  Supervision  (3) 


10a,  10b,  10c,  10d,  10e 


Inetruotional  guidance 


V. 


The  lab  instructor  will  supervise  the  lab  period,  continually  administer, 
evaluate,  and  critique  performance  exercises  as  each  student  progresses,  insure 
student  has  correct  module  materials  and  equipment,  record  student  progress, 
counsel  student  as  needed  regarding  academic  and  non-academic  reasons,  monitory 
breaks  and  clean-up  periods,  insure  student  complies  with  safety  practices  Iiw^^ 
AIB  127-101.    The  instructor  will  provide  individual  assistance  to  each  student 
as  needed  during  the  lab  period.    Each  student  must  satisfactorily  complete  the 
individual  performance  exercise  and/or  performance  teet  to  satisfy  the  objectives. 
The  Instructor  will  pick  up  all  reusable  training  literature  from  the  student  as 
feasible.    Turn  off  all  power  when  applicable  to  conserve  energy  and  resources. 
An  instructor  assist  is  defined  as  .limited  aid,  such  as  the  location  of  a 
component,  technioal  direction  or  explanation,  and/or  technical  order  interpre- 
tation given  a  student  who  can  proceed  no  further  on  his/her  own.    A  detected 
safety  violation  is  an  automatic  failure  for  that  objective.    Insure  students 
wear  ear  protectors  in  high  intensity  noise  areas.    The  instructor  will  refer*  to 
Part  EC  Teaching  Guide  for  detailed  instructions  on  this  module. 

KIR)    One  instructor  is  required  for  each  four  (k)  student  performing  in  this 
station*    This  is  due  to  the  physical  layout  of  the  hangar,  the  amount  of 
maintenance  performed  by  the  students  and  the  safety  involved  wldle  working  on 
the  flight  line.    Students  in  this  station  inspect,  perform  maintenance  and 
operational  checks  on  sel  oted  components  of  the  T-38A  environmental  systems. 
Multiple  instructors  are  required  for  16  hours  of  this  module. 
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10.    Plight  Line  Maintenance,  Removal  and  Replacement  of  System 
Components 

a.    Using  available  aircraft,  applicable  technical  orders,  hand- 
tools  and  maintenance  data  collection  forms,  remove  and  replace 
selected  components  of  the  bleed  air  distribution  system.  One 
instructor  assist  is  permissible.    STS:    3a,  3c  3c  3g,  Ub,  7c  8a, 
too,  i be.  15e.  15h     Meas:  PC 

lb.    Using  available  aircraft,  applicable  technical  orders,  hand- 
tools  and  maintenance  data  collection  forms,  remove   replace  and  per- 
form an  operational  check  on  selected  components'  of  the  air  conditioning 
system.    Two  instructor  assists  are  permissible.    STS:    3a,  3b,  3c.  1<r. 
Ub,  7c,  8a,        10c,  I5h,  16c.,  I6e     Meas:  PC 

c.  Using  available  aircraft,  applicable  technical  order,  hand- 
tools  and  maintenance  data  collection  forms,  remove  and  replace  selected 
components  of  the  auxiliary  air  system.    One  instructor  assist  is 
permissible.    STS:    3a,  Jb,  3c,  3g,  lib,  7c,  8a,        10c,  Ifr,  17c,  17e 
Meas:  PC 

d.  Using  available  aircraft,  applicable  technical  orders,  hand- 
tools  and  maintenance  data  collection  forms,  remove  and  replace  selected 
components  of  the  pressurization  system.    One  instructor  assist  is 
permissible.    STS:    3a,  3c,  3g,  lib,  7c,  8a,  8bj.        10c,  l8e 
Meas:  PC   

e.  Using  available  aircraft,  applicable  technical  orders,  hand- 
tools  and  maintenance  data  collection  forms,  remove  and  replace  selected 
components  of  the  liquid  oxygen  system.    One  instructor  assist  is 
permissible.    STS:         2$j  ifii.iAL.ICj.vJaj.        10c,  216,     Meas:  PC 
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SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

Applicable  Technical  Orders 

ATTO  Form  350?  Repairable  Item  Processing  Tag 

AJTO  Form  3U9t  Maintenance  Data  Collection  Record 

AWO  Form  781A,  Maintenance  discrepancy  Work  Document 

Training  Enuiument 
Available  Aircraft  (U) 
Tool  Kit  (1) 
Ear  Protectors  (1) 


Training  Methods 
Performance  {2k  hrs) 


Multiple  Twa'feTiir.tor  Requirements 

Safety,  Equipment  and  Supervision  (3)    11a,  11b,  11c,  11d,  11e 
Inatruotional  Guidance 

The  lab  inatruotor  will  supervise  the  lab  period,  continually  administer, 
evaluate,  and  critique  performance  exercises  and  performance  tests  as  each 
student  progresses,  insure  student  has  correct  module  materials  and  equipment, 
record  students  progress,  counsel  student  as  needed  regarding  academic  and  non- 
aoedamio  reasons,  monitor  breaks  and  clean-up  periods,  insure  student  complies 
with  safety  practices  IAW  APR  127-101.    The  instructor  will  provide  assistance 
to  each  student  as  needed  during  the  lab  period.    Each  student  must  satisfactorily 
completw  the  individual  performance  exercise  and/or  performance  test  to  satisfy 
the  objectives*    An  instructor  assist  J s  defined  as  limited  aid  such  as  the 
location  of  a  component,  technical  direction  or  explanation,  and/or  technical 
order  interpretation  given  a  student  who  can  proceed  no  fu*        on  his/her  own. 
The  instructor  will  pick  up  all  reusable  training  literature  from  the  student 
as  feasible.    Turn  off  all  power  when  applicable  to  conserve  energy  and  resources. 
A  detected  safety  violation  is  an  automatic  failure  for  that  objective.  Insure 
students  wear  ear  protectors  in  high  intensity  noise  level  area.    The  instructor 
will  refer  to  Part  II  Teaching  Guide  for  detailed  instructions  on  this  module. 

MIR:  ^ One  instructor  is  required  for  each  four  (U)  students  performing  in  this 
station.    This  is  due  to  the  physical  layout  of  the  hangar,  the  amount  of 
maintenance  performed  by  the  students  and  the  safety  involved  while  working  on 
the  flight  line.  .^Students  in  this  station  inspect,  perform  maintenance  and 
operational  checks  on  selected  components  of  the  T-38A  environmental  systems. 
Multiple  instructor  are  required  for  21+  hours  of  this  module. 
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INSTRUCTIONS 


Study  this  programmed  text  alone  at  your  own  pace.  If  parts  of  the  text  are  not  clear  the 
first  tune  you  read  them,  review  the  material. 

The  material  in  this  text  is  presented  in  small  steps  called  frames.  You  respond  to 
each  frame  by  either  writing  answers,  completing  statements,  or  selecting  answers.  The 
correct  answers  follow  each  frame  and  are  separated  from  the  text  and  questions  by 
vertical  lines(||||||||l||i||||i|||), 

TJse  a  card  or  heavy  paper  as  a  mask  to  cover  the  correct  answers.  Place  the  card  on 
the  page  and  slide  it  down  the  page  until  you  uncover  the  vertical  lines  (see  example  below). 
Then  read  the  information  and  answer  the  questions.  After  you  have  answered  the  questions, 
check  your  answers  by  uncovering  the  correct  response.  If  you  respond  incorrectly  to 
any  frame,  rtread  and  study  the  frame  until  you  understand  it 


Example: 

Air  Training  Command  initials  are . 


mini 


Arc  -  (answer  under  mask) 


MASK 
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W  OBJECTIVES 

1 .  list  three  prerequisites  that  should  be  met  before  starting  to  study. 

2.  Identify  the  lesson  objective,  main  heading*  and  subheadings  in  a  narrative  written  in 
study  guide  format 

3.  Scan  a  reading  assignment  and  write  questions  to  be  answered  while  reading. 

4.  Underline  the  topic  sentence  in  each  of  several  paragraphs. 

5.  Outline  the  key  points  contained  in  several  paragraphs. 

6*  Write  a  summary  paragraph  for  a  three  paragraph  reading  assignment 

7.  Underline  the  correct  answers  to  the  questions  concerned  with  the  reading  assignment 
material  , 

8.  Identify  the  facts  or  parts  in  a  given  illustration. 

9.  List  and  explain  the  steps  to  be  followed  for  the  SQ3R  method  of  study. 

10.  List  three  requirements  for  effective  listening  during  a  discussion  or  lecture. 

11.  List  three  rules  for  taking  notes  during  a  discussion  or  lecture. 

12.  Write  an  acceptable  outline  for  taking  notes  during  a  discussion  or  lecture. 

13.  Locate  specific  words  in  a  dictionary,  write  or  state  their  meaning,  and  pronounce 
them  correctly. 

14.  Alphabetize  a  group  of  words, 

15.  Find  or  state  the  page  number  of  a  subject  appearing  in  a  Table  of  Contents. 

16.  Listen  and  take  notes  identifying  the  four  main  points  of  an  oral  presentation. 
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INTRODUCTION 


Good  study  habits  are  essential  to  effective  use  of  study  time.  Your  study  time  can  be  used 
more  effectively  if  you  practice  the  proven  procedures  covered  in  this  text  Remember, 
good  study  habits  never  develop  accidentally. 

To  improve  your  study  habits,  study  the  information  in  this  text,  don't  just  read  it  Practice 
the  procedures  given  here  each  tim*  y<m  study  to  help  form  good  study  habits. 

PREPARE  TO  STUDY 

OBJECTIVE 

List  three  prerequisites  that  should  be  met  before  starting  to  study. 
INTRODUCTION 

Learning  doesn't  just  happen;  it  must  be  planned.  The  time  you  spend  in  preparing  for 
study  is  time  well  invested.  There  are  at  least  three  important  things  you  need  to  do 
before  you  begin  to  study*  You  must  develop  a  positive  attitude  toward  study;  you  must  set 
a  definite  time  each  day  for  study;  and  you  must  choose  a  specific  place  to  study, 


INFORMATION 
Attitude 

Attitude  is  defined  as  feeling  or  emotion. 
Your  attitude  toward  study  influences  how 
well  you  learn.  You  must  have  a  positive 
attitude  toward  study  before  you  can  learn, 
If  you  have  a  feeling  of  opposition  toward 
study,  you  will  learn  little  or  nothing  at 
tlL  Sometimes  your  feeling  of  opposition 
toward  study  stems  from  some  problem 
not  connected  with  your  study,  In  these 
cases,  you  should  identify  the  problem  and 
attempt  to  correct  it  Then  your  attitude 
toward  study  should  improve. 


Figure  L  The  Problem 


Use  Mask  on  Next  Page! 
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life 

Before  you  begin  to  learn,  you  must  have  a 
toward  study. 

IIIIIIIIIIIIIIIIMII 

positive  attitude 


That  which  most  affects  learning  from  study  is  possibly  the  student's 

IHMUIMIIIlim 


attitude 


If  you  have  a  feeling  of  opposition  toward  study,  you  should  try  to  determine  the  cause 
of  this  


lllllllllillllllllll 

attitude 


Sometimes  your  feeling  of  opposition  toward  study  is  due  to  a  .   not 

connected  with  your  study. 


iiiiiiiiiiiniiiii 

problem 


Take  time  to  solve  the  problem  and  your    toward  study  will  improve 

and  learning  will  be  easier. 

Illlllllllllillillll 

attitude 

The  feeling  you  have  toward  study  is  your .   . 


iimiiiiiiiiiiijiii 

attitude 


U*e  Mash  on  Next  Page! 


Time  To  Study 
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You  will  be  more  satisfied  with  yourself 
and  of  more  value  to  the  Air  Force  if  you 
will  develop  good  study  habits.  You  should 
set  aside  a  regular  time  each  day  for  study. 


When  is  the  best  time  for  you  to  study? 
This  depends  on  you  and  your  schedule. 
There  are  two  study  periods  you  need  for 
j   effective  study. 

First,  set  aside  a  specific  time  prior  to 
class  to  study  the  material  to  be  covered 
in  class.  This  should  be  the  same  time 
each  day 

Second,  set  aaide  some  time  each  day 
after  class  to  review  the  material  covered 
in  class.  A  large  portion  of  information 
lost  is  forgotten  within  24  hours  after  you 
hear  or  read  it 

Once  you  set  aside  these  same  periods 
each  day  for  study,  stick  to  it. 

Do  not  schedule  study  immediately  prior 
to  bedtime.  The  end  of  the  study  period 
may  find  you  asleep. 


You  should  set  aside  a 


.each  day  for 


study. 


regular  time  or  specific  time 


Figure  2.  Study  Time 


m 


Figure  3.  The  Instructor  Can 't  Do  It  All 


Instead  of  studying  now  and  then  when  it  is  convenient,  you  should  set  aside  a 
 „  each  for  studying. 


specific  or  regular  time 


day 


Use  Mask  on  Next  Page! 
5 

134 

o 

ERLC 


You  should  eliminate  as  many  distracters 
as  possible.  Distracters  are  things  such  as 
television,  radio,  odors,  pictures,  books 
not  relating  to  the  subject  to  be  studied, 
hunger,  and  uncomfortable  clothing.  Room 
temperature  can  also  be  a  distracter  if  it 
is  too  hot  or  too  cold.  If  you  cannot  elim- 
nate  distracters,  you  must  learn  to  ignore 
them. 

Make  an  effort  to  begin  studying  as 
soon  as  you  sit  down  in  your  selected 
place  for  study.  This  will  soon  become 
part  of  your  good  study  habits. 


Figure  5.  Distractions  are  Numerous 


A  good  study  habit  is  to  have  a  selected . 


.to  study. 


nmmii 


place 


You  should  attempt  to  study  in  the  same  place  and  at  the  same 
every  -• 

IIIIIIIIIIMIIIIIIII 


time 


day 


Your  place  for  study  should  be . 


.and. 


imimimimmi 

quiet  comfortable 


If  your  place  of  study  is  too  comfortable  you  may  be  inclined  to  go  to 

IIIIIIIIIIMIIIIIIII 

sleep 


Use  Mask  on  Next  Page! 
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Your  study  can  b«  interrupted  by  

llllllllllllllllllll  X 
distracters  , 

Television,  radio,  uncomfortable  clothing,  hunger,  and  odors  are  all  

iiiiiiiiiiiiniiiiii 

distracters 


You  should  eliminate  or  ignore  all . 


mimimiiiimii 


"T 


distracters 


/ 


Your  place  of  study  should  be  ,  ( and  free  of 

llllhllllllllllllll 


quiet  comfortable  distracters 


Good  study  habits  are  essential  to  effective  use  of  study  time.  There  are  three  needs 

to  consider  before  beginning  to  study.  Yojl  must  have  a  

toward  study;  have  a  definite    to  study;  and  select  the  best  available 

 for  study. 


llllllllllllllllllll 
positive  attitude  time  place 


NOTE:  By  now  you  should  be  accustomed  to  the  use  of  the  mask.  So  you  will  no 
longer  be  reminded  to  use  it  throughout  the  text. 
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STUDY  TO  LEARN  13  ^ 

©  OBJECTIVES 

Given  a  reading  assignment  consisting  of  10  paragraphs* 

1.  Identify  the  objectives,  main  headings,  and  subheadings. 

2.  3:an  the  paragraph!  and  write  at  least  one  question  from  each  paragraph.  \ 

3.  Underline  the  to.      >ntence  in  each  paragraph.  ► 

4.  Write  an  outline  containing  all  key  points.  \      .> > 

5.  Write  a  summary  paragraph  for  the  entire  assignment. 

6.  Underline  the  correct  answers  to  questions  you  wrote  as  you  scanned  the  material, 
INTRODUCTION 

Learning  is  a  science  based  on  definite  rules  and  principles.  Regardless  of  your 
background  a  d  ability,  if  you  follow  the  rules  and  principles  of  learning,  you  have  a 
tremendous  ad\  antage  over  those  who  ignore  them. 

A  good  study  plan  starts  with  determining  the  intent  (objective)  of  the  lesson.  Since 
authors  use  different  styles  of  writing,  you  must  learn  to  recognize  the  style  and  identify 
the  lesson  objective.  Air  Training  Command  (ATC)  study  guMes  and  student  texts  all 
follow  prescribed  formats.  This  should  make  it  easier  for  you  to  determine  the  lesson 
objective  and  identify  key  points. 

0 

INFORMATION 

ATC  manuals  establish  guidelines  for  writing  student  texts  and  udy  guides.  Objectives 
at  the  beginning  of  each  major  section  describe  what  you  should  know  or  bo  sble  to  do  after 
completing  the  "  'So on.  Headings,  subheadings  and  sub-subheadings  are  used  to  break  the 
mater  al  down  into  smaller  units.  Summary  paragraphs  and  questions  ire  normally  used 
at  the  end  of  major  sections  to  aid  you  in  reviewing  the  material. 


You  can  determine  the  intent  of  a  lesson  in  an  ATC  student  text  by  reading  the 
at  the  beginning  of  the  major  section. 


iiiiiiiiiiiiiii 

objective 
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Read  the  objective  of  Practice  Lesson  #1,  "Preparing  for  Disaster/'  on  page  15.  The , 
disasters  identified  in  this  objective  are  : — ,  » and   

iimmiiiiiiiiini 

floods,  tornadoe*,  hurricanes 


After  reading  the  leason  objective,  look  for  the  main  headings,  *ibheadings  and  sub- 
jubheadings.  These  follow  the  word  INFORMATION  and  give  you  an  idea  of  how  the  lesson 
is  layed  out  They  also  give  you  a  chance  to  mentally  form  somefluestions  about  the  subject 

Check  Practice  Lesson  #1  on  page  15  for  the  heading  anlj  Subheadings  and  list  them 
below. 

a.  Heading  • 

b.  Subheadings  - 


!l  *  1 1 


IIIINIIIIIIIII 


a.  Heading  •  Natural  Disasters 

b.  Subheadings  -  (1)  Floods;  (2)  Tornadoes;  (3)  Hurricanes;  (4)  Emergency  Surviv 
Supplies 


One  way  to  determine  lesson  layout  and  to  start  forming  questions  is  to  look  for  the 
 ,   and  


llllllllllllllllllll 
headings,  subheadings,  sub-subheadings 


The  next  step  in  the  process  of  learning  by  reading  is  to  scan  the  lesson  and  jot  down 
qp^stion*  to  answer  when  you  read  the  text  Remember,  scanning  is  NOT  reading  the 
tett  word  for  word,  but  picking  out  a  sentence  here  and  theve  to  get  a  general  idea  of  the 
subject.  This  enables  you  to  write  questions  to  answer  while  reading.  An  example  of  a 
question  on  Practice  Lesson  #1  is: 

What  public  utilities  are  disrupted  during  a  severe  flood? 

You  would  answer  this  question  while  reading  the  lesson. 


ERLC 
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Scan  Practice  Lesson  #1,  "Preparing  for  Disaster,"  on  page  15  and  write  at  least  five 
questions  to  be  answered  when  you're  reading  the  lesson. 

Questions 

1. 
2. 
3. 
4. 
5. 


IIIIIIIIIIIIIIIIMI! 

Sample  Questions: 

1.  What  guidelines  are  given  in  preparing  for  an  approaching  flood? 

2.  How  can  a  tornado  be  recognized? 

3.  What  hurricane  warnings  are  given  by  the  Weather  Bureau? 

4.  What  type  of  emergency  survival  supplies  should  be  stocked? 

5.  Which  is  more  essential  foi  urvival,  food  or  water? 


A  properly  written  paragraph  has  a  topic  sentence.  The  topic  sentence  states 
main  idea  of  the  paragraph.  The  remainder  of  the  paragraph  is  supporting  information 
sum  mar} . 

Yon  can  find  the  general  idea  of  the  material  in  a  paragraph  by  reading  the  

sentence. 

iimiimiii'Him 

topic 

A  method  of  determining  the  content  of  a  paragraph  is  to  look  for  the  —  ■  

IIIIIIIIIIMIIIIIIH 
topic  sentence 


11 
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Read  the  part  of  Practice  lesson  #1  concerning  Hurricanes  (page  16)  and  underline 
the  topic  sentence  in  each  paragraph,  ^ 

There  are  paragraph  ■»  with  a  total  of  ~  topic  sentences.  v  4, 

lllllilllMIINIIMI 

4  4 


The  article  on  hurricanes  has  the  topic  sentence  as  the  first  sentence  of  each  para- 
graph. You  should  have  underlined  the  first  sentence  of  each  paragraph. 

Underlining  key  points  is  a  good  way  to  make  lesson  review  easier  if  the  text  is  yours 
to  keep.  If  the  book  must  be  returned,  a  good  method  to  use  is  to  outline  the  material  in 
the  following  manner 

1.  First  Main  Idea 

a.  Fact  and  reasoning  supporting  1 

(1)  Fact  and  reasoning  to  support  a 

(2)  Additional  fact  and  reasoning  to  support  a 

(a)  Support  for  (2) 

(b)  Additional  support  for  (2) 
1.  Support  for  (b) 

Z  Additional  support  for  (b) 

b.  Additional  fact  and  reasoning  to  support  1  { 

(1)  Support  for  b 

(2)  Additional  support  for  b 

(3)  Etc 

2.  Second  Main  Idea 

a.  Fact  and  reasoning  supporting  2 

b,  Etc. 

The  outline  can  be  more  oi  less  detailed  depending  on  the  complexity  of  the  material 
and  what  you  need  for  review. 

Use  the  part  of  Practice  Lesson  #1  covering  Emergency  Survival  Supplies  and  complete 
the  following  outline: 

1.  Emergency  Survival  Supplies 


12 
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Your  outline  should  be  sim  '    to  this: 

1.  Emergency  Survival  Supplies 

a.  Banc  supplies 

(1)  Food 

(a)  Two-week  supply  at  home 

(b)  Three-day  supply  in  automooile 

(c)  No  refrigeration  or  cooking 

(2)  Water  or  other  liquids 

b.  Comfort  supplies 

(1)  Food  seasonings 

(2)  Flashlight 

(3)  Radio 

(4)  First  aid 

(5)  Games  and  books 


Another  way  to  help  yourself  remember  the  material  is  to  write  a  summary  paragraph  for 
small  sections  of  the  material.  Read  the  summary  paragraph  for  Practice  Lesson  #  1. 

Two  ways  to  aid  retention  of  material  and  provide  for  review  is  to  make  an  or 

write  a  paragraph. 

Ilillillilllllllllll 
outline  summary 


Using  that  part  of  the  practice  lesson  coveriAg  Tornadoes,  write  a  summary  paragraph 
for  theso  three  paragraphs. 'Your  summary  paragraph  should  have  at  least  one  sentence 
for  each  paragraph. 


SUMMARY:  Tornadoes 


J 
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Your  summary  should  be  simila*  to  the  following: 
Tornadoes  f 

A  tornado  is  usually  a  funnel-shaped  cloud  spinning  rapidly  and  extending  from  ?  thunder- 
cloud. Heavy  rain  and  hail  accompany  the  tornado.  It  can  destroy  almost  everything  in  its 
path.  In  case  of  an  approaching  tornado,  you  should  seek  shelter  in  a  cellar,  a  cave,  an 
underground  excavation  or  under  furniture  against  inside  walls.  Buildings  should  have  doors 
or  windows  open  on  the  side  opposite  the  approaching  tornado. 


Some  lessons  have  review  questions  at  the  end  of  a  section  or  chapter.  These  questions 
are  there  for  your  convenience.  Answering  them  aids  in  your  review  of  the  material.  The 
questions  usually  concern  key  points  of  the  lessen. 

Key  points  of  a  lesson  may  be  determined  by  looking  up  the  answers  to   

niiiiiiiiiiiiiinii 

review  questions 

One  way  to  identify  of  a  lesson  is  to  underline  review 

question  answers  in  the  text. 

iminiiiiiiiiiiiii 

key  points 

The  following  review  questions  cover  part  ot  the  practice  lesson  "Preparing  for 
Disaster.0  Locate  and  underline  the  answers  to  the  questions. 

1 .  What  should  you  do  with  canned  goods  in  the  event  of  flood? 

2.  If  a  tornado  is  approaching,  where  should  you  seek  shelter? 

3.  What  is  a  hurricane  alert? 

4.  How  many  days  food  supply  is  considered  adequate  for  emergencies? 

5.  How  much  liquid  per  day  does  a  person  need  for  survival  over  an  extended  period  of 
time? 


You  must  learn  to  study  before  you  study  to  learn.  Study  methods  have  many  names, 
but  they  follow  a  pattern  similar  to  this  section  on  "Study  to  Learn.0  You  should  deter- 
mine what  the  lesson  is  about  and  what  you  need  to  know  after  studying  the  lesson.  Scan 
the  lesson  for  headings  and  topic  sentences.  Read  the  lesson  and  answer  questions  you 
developed  while  scanning.  Review  what  you  have  read.  If  you  follow  this  procedure,  you 
will  have  a  better  understanding  of  the  lesson. 

NOTE:  Go  to  page  18  and  19. 
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Practice  Lesson  #1 


PREPARING  FOR  DISASTERS 


OBJECTIVE 

State  at  least  three  precautions  you 
should  take  against  each  of  the  following: 
floods,  tornadoes,  and  hurricanes. 


INTRODUCTION 

The  word  "disaster"  means  a  sudden  and 
extraordinary  misfortune.  It  implies  an 
unforeseen  mischance  bringing  with  it 
destruction  of  property  and/or  life  You  will 
study  some  advanced  planning  and 
precautions  you  can  take  to  reduce  the 
serious  effects  of  natural  disasters  if  they 
occur  within  your  neighborhood. 


INFORMATION 


NATURAL  DISASTERS 

Floods 

Severe  floods  may  be  infrequent,  but  their 
effects  can  be  disastrous.  There  may  be  a 
breakdown  in  telephone  and  other 
communication;  the  disruption  of  water, 
electric,  and  gas  services;  food  spoilage  and 
difficulty  in  food  distribution;  the  outbreak 
of  disease;  costly  p.  perty  damage;  and  loss 
of  life.  When  the  waters  have  subsided, 
debris  must  be  cleared  away,  services 
restored,  and  property  rebuilt. 

The  Office  of  Civil  Defense  has  given 
some  guidelines  in  preparing  for  an 
approaching  flood  You  should  pack  dishes, 
canned  goods,  and  household  supplies  in 
baskets  and  other  container*.  Store  these 
and  movable  furniture  on  the  top  floor  or  the 
highest  part  of  the  house.  Disconnect  all 
electrical  appliances  and  motors.  If  possible 
move  them  to  safety.  Also,  turn  off  gas 


appliances.  When  the  above  actions  have 
been  taken,  leave  as  early  as  you  can  and 
take  an  ample  supply  of  food  and  water  with 
you. 

Tornadoes 

A  tornado  is  usually  observed  ai  a  funnel- 
shaped  cloud  spinning  rapidly  and 
extending  toward  the  earth  from  the  base  of 
a  thundercloud.  An  hour  or  two  before  the 
tornado  strikes,  dense,  turbulent, 
thunderstorm  clouds  will  form.  TJiey  will 
appear  to  bulge  down.  These  clouds  often 
have  a  greenish-black  color.  Rain  and  hail 
often  precede  the  tornado  and  heavy  rain 
usually  falls  after  it  has  passed. 

Tornadoes  are  Very  destructive.  The 
violent  winds  associated'  with  a  tornadd  can 
uproot  trees,^estroy  buildings,  and  create  a 
serious  hazard  from  objects  blown  through 
the  air.  Also,  the  differences  in  air  pressure 
within  the  funnel  may  lift  large  objects  or 
cause  buildir  i  to  collapse. 

To  know  what  to  do  when  a  tornado  is 
approaching  may  mean  the  difference 
between  life  or  death.  The  National  Weather 
Service  has  furnished  seme  guidelines  for 
people  to  follow  when  a  tornado  is 
approaching.  You  should  keep  a  radio  or 
television  tuned  to  a  local  station  for 
information  about  the  tornado.  Do  not  call 
the  Weather  Service  because  you  might  tie 
up  the  telephone  line  that  is  needed  for 
emergency  calls.  Seek  shelter  such  as  a 
cellar,  cave,  or  underground  excavation.  If 
such  is  not  available,  lie  flat  in  a  ditch  or 
earth  depression.  If  you  are  insicL  a 
building,  stay  away  from  windows  and 
outside  walls.  Seek  cover  under  heavy 
furniture  and  against  inside  walls.  Doors 
and  windows  on  the  side  of  the  house  away 
from  the  approaching  tornado  may  be 
opened  to  help  equalize  the  air  pressure  to 
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prevent  the  collapse  of  the  building.  If  you 
are  in  optn  country,  move  at  right  angles  to 
tha  tornado  to  get  out  of  ita  path.  Above  all, 
remain  calm  ao  your  thinking  and  reasoning 
will  be  straight 


Hurricanes 

Hurricanes  form  over  the  ocean  and  build 
in  intensity  as  they  move  over  the  water. 
They  are  very  destructive  because  of  the 
high  spssd  and  circular  movement  of  the 
wind  accompanying  them.  The 
destnictivenees  of  the  wind  is  not  noticeable 
while  the  hurricane  is  out  at  sea,  but 
becomes  apparent  as  it  movee  inland.  Also, 
most  hurricanes  are  accompanied  by  heavy 
wins.  "Has  results  in  destruction  to  property 
exposed  to  the  rain. 

As  soon  as  there  are  definite  indications 
that  a  hurricane  is  forming,  the  Weather 
Service  begins  issuing  advisory  reports. 
Hurricanes  are  given  names  by  the  Weather 
Service,  such  as  Beulah,  Carta,  etc.  A  hurri- 
cane alert  means  that  there  is  no  immediate 
danger  but  that  everyone  should  stand  by 
for  further  reports  and  be  ready  to  take 
precautionary  action  if  necessary.  A  storm 
warning  may  be  issued  to  warn  some  coastal 
sections  that  winds  and  tides  will  be 
dangerous,  so  that  preliminary  precautions 
can  be  taken.  A  hurricane  warning  means  to 
take  all  precautions  immediately  against 
the  full  force  of  the  storm. 


The  Weather  Service  issues  advisories, 
alerts,  storm  warnings,  and  hurricane 
warnings  every  six  hours,  or  oftener  if 
needed.  To  keep  the  public  informed  of  the 
progress  of  a  storm  when  it  is  near  the 
mainland,  the  Weather  Service  issues 
bulletins  for  press,  radio,  and  television 
every  hour  or  so.  State  and  local  civil 
defense  and  cooperating  Government 
agencies  disseminate  warnings  by  every 
avai'able  means. 


The  Weather  Service  has  furnished 
guidelines  for  you  to  follow  if  you  are  near  or 
in  the  path  of  a  hurricane.  Keep  your  radio 
or  television  tuned  to  the  local  station  for 
reports  and  warnings.  It  is  well  to  keep  a 
battery-operated  radio  for  use  in  case  of 
electrical  power  failure.  You  may  use  your 
car  radio.  Get  away  from  low-lying  beaches 
or  locations  which  may  be  covered  by  high 
tides  or  storm  waves.  If  the  building  you  are 
in  is  well  built  and  is  out  of  danger  of  high 
tides,  it  is  possibly  the  safest  place  for  you. 
Board  up  the  windowe  with  good  material 
and  fasten  thsm  securely.  Store  extra  food 
and  water.  Tha  food  should  not  require 
refrigeration.  Since  city  water  service  will 
likely  be  disrupted,  clean  the  bathtub,  jugs, 
bottles,  and  cooking  utensils  and  fill  them 
with  drinking  water.  Secure  everything  that 
might  be  Mown  away  or  torn  loose.  Garbage 
cans,  garden  tools,  porch  furniture,  and 
other  loose  objects  become  instruments  of 
destruction  in  the  strong  winds.  It  is  well  to 
fill  the  gasoline  tank  in  your  car.  If  power  is 
off,  gasoline  p  mps  may  not  be  operative. 
Check  the  condition  of  your  flashlight  or 
other  emergency  lights  end  be  sure  they  are 
operative.  Remain  calm.  Your  ability  to  meet 
emergencies  will  inspi  e  and  help  others 


Emergency  Survival  Supplies 

We  are  always  vulnerable  to  the  ravages 
of  nature.  Every  wise  family  or  individual 
should  prepare  for  emergencies.  If  you  re- 
member you*  mother's  gantry,  it  was 
stocked  with  food  for  any  emergency, 
whether  it  was  unexpected  company  or 
being  snowed  in  by  a  winter  storm.  Such 
preparation  might  mean  the  difference  be- 
tween comfort  and  hardship;  even  between 
survival  and  starvation  in  case  of  an  ex- 
tended  disaster. 

An  adequate  supply  of  food  and  water  is 
one  of  the  basic  preparations  for 
emergencies.  A  two-week  supply  of  food  in 
your  home  and  a  three-day  survival  kit  in 
your  automobile  is  considered  adequate* 
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Select  food*  that  do  not  require  refrigeration 
or  cooking.  Put  thtm  in  packages  suitable 
for  one  meal  for  yourself  or  for  the  family 
group.  This  makes  for  easier  serving, 
prevents  leftovers  that  might  spoil,  and  you 
can  plan  a  variety  of  foods  for  each  meal. 


Water,  or  other  liquid,  is  essential.  Water 
is  more  essential  than  food.  Each  individual 
can  live  on  a  quart  of  liquid  per  day  for  an 
extended  time.  However,  one  gallon  per 
individual  per  day  will  allow  for  limited 
bathing. 

Other  items  that  may  not  be  essential  but 
will  still  make  conditions  more  comfortable 
are  salt,  sugar,  matches,  cooking  utensils, 
paper  supplies,  battery  radio,  flashlight, 
first-aid  supplies,  blankets,  puis,  garbage 
containers,   etc.   Games   and  items  for 


/3? 

entertainment  are  handy  items  to  have 
along  as  wall  as  a  Bible  for  religious  needs. 


SUMMARY 

Floods,  tornadoes,  and  hurricanes  can 
cause  severe  disasters  through  the 
destruction  of  property  and/or  life.  Floods 
usually  result  in  the  spoilage  of  many  items, 
spread  of  diseases,  and  disn|ptio.  «  of  public 
services.  Both  tornadoes  and  hurricanes 
cause  the  above-mentioned  destructions  as 
well  as  damage  to  property  and/or  life 
through  violent  winds  and  heavy  rains.  You 
should  follow  the  guidelines  furnished  by 
the  National  Weather  Service  in  both  the 
early  and  inAadiata  preparations  for  such 
disasters.  ItemsayndW use  in  the  event  of 
a  disaster  should  be  checked  periodically 
and  kept  in  a  usable  condition. 
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1  ILLUSTRATIONS 
OBJECTIVE 

Identify  the  facte  or  parte  in  a  given  illustration. 


INTRODUCTION 

Charts,  graphs,  drawings,  and  pictures  are  used  to  clarify  what  the  author  is  writing 
about  Good  illustrations  eliminate  the  need  for  long  and  involved  descriptions.  As  a 
student,  you  will  be  required  to  use  information  from  illustrations  in  your  studies. 

INFORMATION 

The  Hm  drawing  of  a  reservoir  accumulator  shown  in  figure  8  is  a  frequently  used 
type  of  Uustratten.  Note  that  the  shaded  areas  represent  pressure,  return,  and  air  charge. 
The  baUwns  (drdes  with  numbers)  have  arrows  pointing  to  parte  that  are  identified 
*elow  the  drawing.  This  helps  you  identify  parte  and Hqufd  and  airflow.  Tor  instance, 
number  4  points  to  a  check  valve  and  the  shaded  area  which  runs  through  the  check  valve 
is  a  return  line. 


<3H 


PRESSURE 


3&? 


t  ttawtf  oaoi 

1.  INOKATOt  HM 
r  VINT  UNf 
4  CHICK  VAIVI 

y  msirvoii 


RETURN  (      1      AIR  CHARGE 


4.  mur  vaivi 

7.  MTUtN  UNI 

I.  HSTIM  MISJUII  UNI 

t  him*  $umr  uni 

10.  fffTON 


it.  tisiRvoit  miton 

I}.  MSTON  IXTINUON 
U.  ACCUMULATOR 
14.  'IUII  VAIVI 


Figure  6.  lU$ervoir  Accumulator 
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Number  6  identifies  a 


if/ 


and  the  three  shaded  areas  represent 


. , and . 


miiiiimiiiimii 

relief  valve  pressure,  return,  air  charge 


The  reservoir  piston  is  identified  by  number 
of  it  is  representing  a  


iiiiiniiiiiiiiiiiii 

11  return 


and  the  shaded  area  to  the  left 


Another  type  of  illustration  is  used  in 
figure  7.  This  figure  is  a  pictorial  of  a 
pressure  gage  with  the  parts  named  on 
the  illustration. 

The  type  tube  used  in  the  pressure  gage 
is  a  tube. 
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Figure  7.  Pressure  Gage 


Illustrations  may  be  siirple  or  complex.  They  have  one  purpose— to  clarify  the  written 
text.  Illustrations  are  one  of  your  greatest  aids  to  effective  study. 
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.  THE  SQ3R  METHOD 

OBJECTIVE 

List  and  explain  the  steps  to  be  followed  for  the  SQ3R  method  of  study. 


INTRODUCTION 

There  are  many  names  for  planned  methods  of  study.  One  is  the  SQ3R  method  which 
has  five  steps.  These  steps  must  be  done  in  the  proper  sequence  for  best  results.  The 
steps  are: 

S  *  Survey  •  Survey  the  material. 

Q  *  Question  •  Ask  yourself  questions  concerning  what  the  lesson  is  about 
R  *  Read  •  Read  the  material  carefully  and  look  for  answers  to  your  questions. 
R  *  Recite  •  Recite  to  yourself  and  answer  your  questions. 

R  3  Review   •    Think  about  the  lesson  and  reread  areas  which  aren't  clear  in  your 
mind 


TheSQ3Risa- 


.of  study. 


Illllllllllllllllill 
planned  method 


Which  of  the  following  statements  are  true? 

a.  A  planned  method  of  study  helps  you  get  mere  out  of  your  study  time. 

b.  SQ3R  *  Survey,  Question,  Read,  Recite,  wid  Reject. 

c.  The  SQ3R  is  a  planned  method  of  study. 

<L  The  steps  of  the  SQ3R  method  of  study  have  no  recommended  sequence. 

nmmimimiiii 


aandc 
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The  first  step  of  the  3Q3R  method  is 
the  survey  step.  This  step  is  to  determine 
the  general  content  of  the  lesson.  To  survey 
the  lesson,  read  the  lesson  objective  first. 
Then  read  the  headings,  subheadings,  and 
sub-subheadings.  Read  the  summary  and 
review  questions  at  the  end  of  the  lasson. 
Then  scan  each  paragraph  for  the  topic 
sentence. 


To  determine  the  general  content  of  the 
lesson  without  concerning  yourself  with 

specific  details,  you  should  ,  

the  lesson. 


survey 


FigureS.  S  =  Survey 


Which  of  the  following  statements  is  true? 

a.  The  best  way  to  survey  a  lesson  is  to  read  all  of  the  text 

b.  In  surveying  the  lesson  you  should  first  read  the  objective,  headings,  subheadings, 
and  sub-subheadings. 


c.  Summaries  should  only  be  read  when  reviewing  the  lesson. 


Summaries  and  review  questions  should  be  read  for  the  first  time  during  the 
step. 
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J  ^  Topic  sentences  aid  in  the  step. 

Illlllllllllllllllll 


survey 


Scanning  is  the  best  way  to  perform  the  survey  step.  Running  the  eyes  rapidly  down 
a  page  is  called  


lllllllllllllllllll 
scanning 


List  at  least  four  things  to  do  when  surveying  a  lesson 


1. 
2. 
3. 
4. 
5. 


iiimiiiiiimmii 


1.  Read  the  objective.  3.  Read  the  summary. 

2.  Read  the  headings,  subheadings,  4.  Read  the  review  questions.  ( 
sub-subheadings.                                    5.  Read  the  topic  sentences.  * 


Survey  Practice  Lesson  #2  on  pages  29  and  30.  DO  NOT  READ  THE  LESSON— only 
survey  it.  In  the  spaces  below,  list  the  title,  objective,  heading  and  subheadings  of  the 
lesson. 


Title: 


Objective: 
Heading  . 


Subheadings: 
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Title:  Principles  of  Learning 

Objective:  list  the  six  principles  of  learning  and  describe  the  function  of  each. 

Heading:  The  Learning  r  rocess 
Subheadings:  Will  to  Lairn  Organization 


Action 
Attention 


Understanding 
Review 


iUter  surveying  a  lesson,  yt  uould 
demise  questions  to  answer  about  sub- 
ject. A  good  method  is  to  rewrite  each 
he  dng  and  subheading  into  a  question. 
For  example,  if  the  heading  L?  "P~nution," 
you  could  devise  the  following  questions: 

What  is  pollution? 

What  causes  pollution? 

What  can  be  done  about  pollution? 

In  some  cases  you  may  not  be  able  to 
answer  all  your  questions  from  the  lesson 
text  but  the  questions  will  give  direction 
and  purpose  to  your  study. 


Figure  3.  Q=  Question 


Rewriting  each  heading  and  subheading  into  a  question  is  a  go  jd  way  to  perform  the 
 itep  of  the  SQ3R  method  of  study. 


Illllllllllillllllll 
question 


Which  of  the  following  statements  are  tme? 

a.  f  ou  should  read  the  material  before  devising  questions. 

b.  The  "Q"  in  SQ3R  represents  "qualify/* 

c.  Devising  questions  will  aid  in  studying  the  lesson. 

cL  The  lesson  should  be  surveyed  before  devising  questions. 

iiiiiiiiiiiiiiniiii 

candd 
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Your  study  will  have  better  direction  and  purpose  if  vou  perform  the 
step  by  rewriting  the  headings  and  subheadings  into  ( 

*      iiiimmiiimmi  ; 

question  questions 


Perform  the  question  step  of  the  SQ3R  method  of  study  using  Practice  Lesson  #2. 
Questions: 


iiimiiiiimiiim 

The  following  are  typical  questions: 

1.  What  is  theiearning  Process? 

2.  What  does  "Will  to  Learn"  mean? 

3.  What  (*oes  "Action"  have  to  do  with  the  learning  process? 

4.  How  does  "Attention"  affect  the  learning  process? 

5  How  does  "Organization"  affect  the  learning  process? 

6.  How  can  I  increase  my  understanding  of  material  I  read? 

7.  What  advantage  can  I  gain  from  review? 
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Two  down  and  three  to  go.  You  should  now  know  how  to  survey  (S)  and  question  (Q). 
The  3R  stands  for  Read,  Recite,  and  Review. 


The  next  step  in  the  SQ3R  method  is  to 
read  the  text  carefully.  Don't  skip  from 
here  to  there  hunting  the  answers  to  the 
questions  you  devised  in  the  question  step. 
Look  for  the  answers  as  you  read  each 
paragraph.  Be  sure  to  study  each  illus- 
tration- Start  at  the  beginning  of  the  lesson 
and  read  all  the  material. 


Which  of  the  following  statements  is 
true? 

a.  You  should  look  for  answers  x,o  your 
questions  as  you  read  the  lesson. 

b.  Graphs  and  tables  are  supplementary 
material  and  mr.y  be  read  if  you  have  time. 

c  Disregard  the  questions  you  wrote 
in  the  previous  step  until  you  have  read 
the  lesson  tvice. 


mi 


Figure  10.  K  =  Read 


The  third  step  of  the  SQ3R  method  of  study  is  to  _  

and  look  for  —  to  the  you  devised  in  the  previous  step 


carefully  all  the  material 


read 


answers 


questions 
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Recite,  the  second  "R,,p  reauires  re- 
phrasing the  lessen  in  your  own  words 
When  you  finish  a  paragraph  or  section, 
lean  back,  look  away  from  your  book  and 
restate  in  your  own  words  what  the  author 
said.  It  is  best  if  you  recite  verbally, 
whether  aloud  or  under  your  breath.  This 
aids  your  understanding  of  the  les3on 
because  you  read  it  first,  then  you  say 
it  and  hear  it. 


You  mil   increase  your  understanding 

of  the  lesson  if  y  ^\  can  the 

matenal  n.  your  own  words. 

Illlllll'! 

recite 


Figure  11.  R  =  Recite 


Which  of  the  following  statements  are  true? 

a.  Reciting  aloud  will  help  tc  organize  the  material  in  your  mind. 

b  if  a  person  reads  well,  he  wastes  time  if  he  stops  to  reute  the  matenal  m  his  own 
words. 

c.  You  will  understand  the  lesson  better    y0u  rephrase  the  matenal  in  your  own  words, 
d  It  is  childish  for  an  adult  to  recite  aloud. 

iiiiiMiiimiiiiii, 

a  and  c 

The  3Rs  of  the  SQ3R  method  of  study  are  .  m  t  and 


read,  recite,  review 


Now,  using  the  questions  you  devised  and  wrote  down  on  page  24s  perform  the  read  and 
recite  steps  on  Practice  Lesson  *2.  page  29. 
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The  third  **R"  is  Review.  The  review 
step  is  so  important  to  understanding  that 
at  least  as  much  time  should  be  spent 
reviewing  as  was  spent  on  the  survey, 
question,  read,  and  recite  ateps  combined. 
To  begin  your  review,  close  your  book, 
sit  back,  and  think  about  the  material  you 
have  studied.  This  is  called  reflective 
thinking.  If,  during  reflective  thinking, 
there  is  some  material  that  isn't  clear  and 
fully  understood,  go  back  ah_l  reread  that 
material.  Then  repeat  the  reflective  think- 
ing process.  Remember,  you  should  sp*nd 
at  least  hajf  of  your  study  time  on  the 
review  step. 

The  third  R  in  the  SQ3R  planned  method 
of  study  stands  for  

Figure  12  R-  Review 

MMiiiiiiumiim 

renew 


Which  of  the  following  statements  are  true? 

a.  If  you  read  the  lesson  carefully,  there  is  no  need  to  spend  a  lot  of  time  in  reviewing 

b.  A  good  review  can  be  made  by  leafing  through  the  material 

c.  The  best  way  to  review  is  to  first  close  your  book,  sit  back,  and  think  over  what 
you've  read. 

d.  The  time  spent  in  the  review  step  should  be  as  much  or  more  than  the  time  spent  on 
all  other  steps  combined 

e.  Organizing  the  material  into  your  own  words  causes  you  to  do  reflective  thinking 

iiiiiiiiiimiimii 

c,  d  and  e 

If  the  material  is  not  clear  during  the   step,  you  should  reread  it 

iiimmmiiiimi 

review 
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|5V)  CIom  your  book,  sit  back  and  think  about  the  material  you  have  studied.  This  ie 


iiihiiimiiiiiiiii 

reflective  thinking 


The  steps  of  the  SQ3R  planned  method  of  study  are 
 ,  ,  and  . 


lillillllllllllillli 

survey,  question,  read,  recite,  review 


NOTE:  Go  to  page  31. 


Practice  Lesson  #2 
PRINCIPLES  OF  LEARNING 


tSl 


OBJECTIVE 
« 

List  the  six  principles  of  learning  and 
describe  the  function  of  each. 


INTRODUCTION 

Learning  it  an  active  process  that  takes 
place  according  to  a  number  of  well-defined 
principles.  These  principles  are  the  will  to 
learn,  action,  attention,  organization,  under- 
standing, and  review. 


INFORMATION 

THE  LEARNING  PROCESS 

Will  to  Learn 

The  will  to  leara  results  from  having  a 
definite  objective  and  recognizing  the  need 
to  achieve  that  objective.  A  person  is 
motivated  to  do  a  job  when  he  knows  exactly 
what  he  is  expected  to  do  and  realizes  why 
he  must  do  it  Contrast  the  amount  of 
knowledge  that  you  got  from  the  average 
high  school  lecture  with  the  amount  that 
you  got  from  a  briefing  on  an  important  job. 
You  learned  more  from  the  job  briefings 
chiefly  because  you  were  getting  something 
that  you  were  looking  for  and  something 
that  would  affect  your  future  well-being. 

Action 

We  have  said  that  learning  is  an  active 
process.  Your  education,  in  the  final 
analysis,  depends  entirely  upon  your 
participation  in  the  learning  situations 
which  confront  you.  When  you  are  faced 
with  new  ideas,  facts,  or  principles,  you  are 
in  a  "learning  situation;"  and  you  learn  as 
you  react  to  and  participate  in  that 
situation.  Learning  is  in  direct  proportion  to 
the  amount  of  your  reaction  to  a  learning 


situation.  Anything  that  you  can  do  to 
generate  definite  mental  action  while 
listening  or  reading  will  help  you  to  achieve 
effective  learning. 

Attention 

The  third  principle  in  learning  is 
attention,  which  means  focusing  the  full 
power  of  your  mind  on  the  material  that  you 
wish  to  learn.  When  working  with  about  50 
percent  attention,  you  "take  in'*  the  material 
you  hear  or  see;  but  it  quickly  fades  from 
your  mind  and  is  never  used  If  your 
attention  lies  between  the  halfway  mark 
and  total  attention,  you  will  be  able  to 
understand  and  remember  the  material  you 
see  or  hear.  You  should  feel  some  interest  or 
curiosity  concerning  the  material  presented. 
In  you?  ?4se,  there  shouli  bo  little  materia) 
in  which  you  cannot  develop  a  genuine 
interest  if  you  honestly  try  to  relate  it  to  your 
present  work  or  car*-  * 

Organization 

You  cannot  learn  a  subject  effectively 
simply  by  memorizing  all  the  facts  about  it. 
Before  you  are  able  to  use  material  that  you 
have  learned,  you  must  understand  its 
organization;  that  is,  #how  the  parts  fit 
together  to  make  a  complete  picture.  If  you 
can  get  the  author's  central  idea  and  his 
general  plan  of  attack,  you  will  be  able  to 
follow  more  intelligently  his  individual 
ideas  and  items  of  information.  If  Jfou  know 
what  the  end  result  of  your  listening  or 
reading  will  be,  you  can  better  interpret  each 
detail 

Understanding 

The  fifth  principle  in  learning  is 
understanding.  By  this  we  mean  getting  the 
basic  idea  which  the  author  is  trying  to  get 
across.  You  can  do  this  by  putting  the 
author's  statement  in  your  own  words. 
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When  you  read  material,  you  get  the 
organization  that  the  author  considered 
moat  logical  in  dealing  with  hie 
subject— you  get  his  organization.  In  order 
to  put  the  material  to  the  best  use,  you  must 
formulate  in  your  mind  the  organization 
that  makes  most  sense  to  you.  This  may  or 
may  not  be  the  same  as  that  used  by  the 
author. 

Review 

Pew  experiences  are  so  vivid  that  we  learn 
from  them  in  one  tria1.  Generally  speaking, 
we  must  repeat  any  operation  to  make  it  our 
own.  Material  studied  for  an  hour  a  day  for 
four  days,  or  even  an  hour  a  week  for  four 
weeks,  will  be  remembered  much  better  than 
material  studied  four  hours  one  day  and 


never  reviewed.  You  will  find  in  your  own 
case  that  some  review  will  give  you  better 
comprehension  and  better  memory  than 
study  concentrated  at  one  time  with  no 
review. 

SUMMARY 

We  have  said  that  learning  does  not  take 
place  in  some  mysterious  and  unexplainable 
fashion;  neither  is  it  a  process  that  opetates 
automatically  when  you  are  exposed  to 
material  to  be  learned.  Learning  is  an  active 
process  that  takes  place  according  to  a 
number  of  well-defined  rules  and  principles. 
They  are  the  will  to  learn,  action,  attention, 
organization,  understanding,  and  review. 
All  of  these  principles  should  be  applied 
when  forming  good  study  habits. 
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LISTENING  IS3 


OBJECTIVE 


List  three  requirements  for  effective  listening  during  a  discussion  or  lecture. 


INTRODUCTION 

Listening  is  another  important  factor  in 
the  learning  process.  You  must  master  the 
art  of  listening  to  get  the  moat  from  a 
discussion  or  lecture.  Proper  listening 
will  affect  your  studying,  too.  You  must 
learn  to  ignore  distractions  in  order  to 
pick  out  the  important  points  being  pre- 
sented The  six  factors  covered  in  Practice 
Lesson  *2,  "Principles  of  Learning  "  also 
apply  to  effective  listening  techniques. 


Figure  73.  Learn  to  Listen  and 
Listen  to  Learn 


INFORMATION 

You  must  have  the  will  to  learn  in  order  to  listen  effectively.  You  will  not  pay  close 
attention  to  a  speaker  unless  you  are  interested  in  what  he  is  saying. 

Action  is  how  you  react  to  what  the  speaker  says.  You  cannot  sit  with  your  body  and 
mind  relaxed  and  expect  the  speaker's  points  to  impress  themselves  on  your  brain.  ItV 
like  putting  your  car  in  neutral— you  won't  get  v*ry  far. 

To  listen  effectively  and  with  understanding,  you  must  give  your  undivided  attention  to 
the  speaker.  You  cannot  leam  and  retain  the  subject  matter  if  you  permit  your  min'i  to 
wander. 

Organization  is  important  to  effective  listening.  You  should  be  constantly  alert  to  the 
speaker's  organization  of  the  subject.  The  subject  organization  should  help  you  to  under- 
stand the  material.  Without  understanding,  you  will  not  learn  or  retain  the  subject  matter. 

Review  is  the  last  factor  in  listening  to  learn.  To  review  a  lecture,  refer  to  your 
notes  or  a  prepared  outline.  How  well  you  take  notes  during  the  lecture  has  a  definite 
effect  on  how  effective  your  review  will  be.  In  most  cases,  it  is  wise  to  expand  your  notes 
as  soon  as  possible  after  the  lecture. 
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List  the  six  factors  that  affect  listening  effectiveness. 


1. 
2. 
3. 
4. 
5. 
6. 


iiiiiiiiiiimiiiiii 


1.  Will  to  learn  3.  Attention  5.  Organization 

2.  Action  4.  Understanding    6.  Review 


Select  the  true  statements: 

a.  By  concentrating,  you  can  reject  sounds  not  related  to  the  subject. 

b.  Review  does  not  affect  learning  by  listening. 

c  You  must  respond  mentally  to  listen  effectively. 

Illlilllllllllllllll 
aandc 


Without  mental  response,  you  are  not  to  the  speaker. 

imiiiiimiiiiifii 

listening 

If  you  do  not  give  your    to  the  speaker  you  cannot  learn  and  retain 

the  subject  matter. 

Ihlllllllllllllilll 

attention 
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The  subject  will  aid  you  to  the  material. 

mimmimiiMii 

organization  understand 

To  listen  effectively  you  musk 

a.  Start  listening  when  the  instructor  starts  talking. 

b.  Keep  listening  until  he  stops  talking, 
c  Respond  mentally  to  what  he  says. 
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NOTE  TAKING 


OBJECTIVES 

1.  List  three  rules  for  taking  notes  during  a  discussion  or  lecture. 

Z  Writs  an  acceptable  outline  for  taking  notes  during  a  discussion  or  lecture. 

INTRODUCTION 

Ths  best  way  to  review  subject  matter  presented  in  a  discussion  or  lecture  is  to 
refer  to  your  notes.  If  your  notes  are  to  be  useful,  you  must  follow  proven  rules  of  note- 
taking. 


INFORMATION 

There  are  many  rules  which  can  be 
applied  to  note-taking  but  well  confine 
this  coverage  to  four  basic  ones.  These 
rules  arc 

1.  Listen  for  the  speaker's  main  ideas 
and  then  write  th^m  down  in  your  own 
words. 

2.  Be  brief. 

3.  Record  information— don't  just  list 
topics. 

4.  Organize  your  notes  in  the  prescribed 
outline  flora. 

Listen  for  the  main  ideas  of  the  speaker. 
When  you  identify  these  ideas,  write  them 
down  in  your  own  words.  Then  as  the  dis- 
cussion or  lecture  continues,  jot  down 
important  facts  which  support  each  main 
idea. 


Figure  14.  Take  Good  Notes 


Select  the  correct  statement. 

a.  Only  those  items  the  speaker  writes  on  the  chalkboard  are  main  ideas. 

b.  Good  notes  require  writing  down  the  main  ideas  in  your  own  words. 

c.  The  instructor  will  tell  you  when  he  is  giving  a  main  idea. 

iniiiiiiiiiiiiiiiii 

b 
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A  rule  for  good  note  taking  is  "Be 
Brief/9  Don't  try  to  write  down  everything 
the  speaker  eaye  but  don't  just  list  topics 
either.  Remember,  your  notes  must  make 
sense  to  you  an  hour,  a  day,  or  a  week 
later.  Plan  to  jot  down  only  the  key  points 
and  supporting  facts 

Select  the  true  statements. 

a.  A  single  word  is  usually  sufficient 
notes  on  a  single  main  idea. 

b.  You  should  rephrase  and  write  down 
everything  the  speaker  says. 

c.  Listing  topics  is  an  effective  way  to 
take  notes. 

d.  Good  notes  must  b~*  as  brief  as  clar- 
ity permits. 


ts7 


Figure  15.  Pick  Out  the  Key  Points 


miiminm  ,111 


Another  note-taking  rule  to  follow  ia  "take  down  information,  not  just  topics/'  For 
example,  if  one  of  the  topics  covered  in  a  lecture  was  "Safety"  and  your  notes  consisted 
of  juat  that  one  word,  you  might  have  trouble  recalling  what  was  covered  if  you  waited  a 
week  to  review  your  notes.  However,  if  you  made  the  following  notes,  you  would  have  an 
advantage: 

'  1.  Safety 

a.  Driving 

(1)  Obey  laws 

(2)  Don't  drink  and  drive 

(3)  Watch  other  driver 

b.  Swimming 

(1)  Swim  with  buddy 

(2)  Know  the  water 

(3)  Don't  horseplay 
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If*  ' ; 

Which  of  the  following  is  hot  a  good  rule  for  taking  notes? 

a.  Be  brief. 

b.  Write  down  information,. not  just  topics. 

c.  Writedown  main  ideae  in  your  own  words. 

d.  Use  the  speaker's  exact  woVds  when  taking  note?. 

liiiiiiiiiimiiiin 


Some  people  write  down  useful  informatior  but  due  t  j  a  lack  of  organization,  the  in- 
formation loses  soma  of  its  effectiveness.  Develop  the  habit  of  taking  notes  in  outline 
form  and  they  will  be  more  useful  to  you.  The  Air  Force  approved  outline  format, is  snown 
below.  Note  thatno  capital  letters  or  Roman  numerals  are  used  Your  notes  should  follow 
this  outline. 


b. 

(1) 
(2) 
(a) 
(b) 
1 
2 


a. 

(1) 
(2) 

b. 

You'll  notice  that  I  used  this  forme  t  in  the  sample  outline  of  notes  on  page  35. 


In  the  outline  the  key  points  are  identified  by  the . 


miiiimmiiimi 

numbers  1,2, 3,  eta 
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Main  subpoints  are  identified  by  .   / i"? 

iiiiiiiiiiniiiiiii: 

letters  a,  b,  c,  etc. 

During  a  lecture  an  instructor  said  that  weapons  of  the  US  incLded  the  A-7,  the  RF-4,  the 
O-Ml,  and  the  C-5A  aircraft,  the  Minuteman  and  the  Titan  Intercontinental  Ballistic  Missiles 
(ICBM),  and  the  Sparrow  and  the  Sidewinder  Air  Intercept  Missiles  (AIM). 

Outline  this  information  in  the  recommended  Air  Force  outline  format. 


0 


0 
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Outline: 

1.  Aircraft 

a.  A-7 

b,  RF-4 
c  C-141 
d  C-5A 

2.  Missiles 

a.  ICBM 

(1)  Minuteman 

(2)  Titan 

b.  AIM 

(1)  Sparrow 

(2)  Sidewinder 

As  soon  as  possible  after  class,  organize  your  /hotes  and  write  in  the  supporting  infor- 
mation th.it  you  didn't  have  time  for  during  class.  This  will  heir  vou  review  for  a  test  at 
a  later  date. 

You  should    and    notes  taken  in  class  as   soon  as 

possible  after  class. 

IIIIHIIIIIIIIIIIIII 

organize  supplement 

When  taking  notes,  write  as  legibly  as  possible.  Don't  be  one  who  "can't  read  his  own 
writing  after  it  gets  cold" 

The  four  rules  tor  note-taking  are: 

a.  Listen  for  the  speaker's  main  ideas  and  then  write  them  down  in  your  own  words. 

b.  Be  brief. 

c.  Record  information— don't  just  list  topics. 

d  Organize  your  notes  in  the  prescribed  outline  form. 


NOTE;  Obtain  a  dictionary  for  use  with  pages  39  through  42.  If  a  dictionary  i$  nut 
available  turn  to  page  43. 
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USING  THE  DICTIONARY 


OBJECTIVES 

1.  Locate  specific  words  ia  a  d^tionary,  write  or  state  their  meaning  and  pronounce 
them  correctly 

2.  Alphabetize  a  group  of  words. 
INTRODUCTION 

A  foreign  studen-  once  said,  "I  have  difficulty  with  the  English  language.  You  have  a 
'patisnt'  in  the  hospital,  and  you  are  'patient'  with  your  students."  Here  the  same  word  is 
used  two  times  with  different  meanings.  Foreign  students  are  not  the  wnly  ones  who  have 
difficulty  with  our  language.  The  above  illustrates  the  need  of  having  a  knowledge  of  word 
meanings  and  how  these  meanings  are  influenced  by  other  words  in  the  sentence. 


INFORMATION 

One  way  to  increase  your  knowledge  of  word  meanings  is  to  use  the  dictionary.  Writers 
often  use  uncommon  words.  Anytime  you  read  to  learn  you  should  have  a  dictionary  near 
and  you  should  use  it. 

To  get  the  most  from  your  studies,  you  should  use  a  to  look  up 


unfamiliar 


dictionary 


words 


You  can  build  your  vocabulary  by  using  the  dictionary  but  th:  alone  isn't  enough,  You 
also  must  learn  the  vocabulary  of  your  career  field. 


Every  activity  has  its  own   

electronics,  ph  >tography,  or  baseball. 


whether  it  is  in  the  field  of  education, 


mimmmmfm 


vocabulary 
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There  are  instructions  and  aids  given  in  the  dictionary  to  assist  you  in  using  it.  A 
pronunciation  key,  usually  located  on  the  inside  covers  or  bottom    of  each  page,  gives 

assistance  in  sounding  the  letter*  in  words.  In  addition  to  the  .  key, 

detailed  instructions  in  pronouncing  words  are  given  in  the  section  in  the  dictionary 
titled  "A  Guide  to  Pronunciation/' 

lll!ll!!!!lillllll|l 

pronunciation 


Many  words  have  more  then  one  definition  given  in  the  dictionary.  The  first  - 


is  the  earliest  acceptable  meaning  and  those  following  it  are  usually  given  in  order  of 
the  d*t«  of  their  acceptance. 

iiiiiiiiiniiiiiiiii 

definition 


Learn  to  open  your  dictionary  to  a  page  that  is  near  the  place  where  the  word  vou  are 
looking  for  is  located.  The  guide  words  at  the  top  of  each  page  are  very  helpful.  The  first 


-is  the  first  word  on  the  page 

iiiiiiiiiniii 

guide  word 


The  second  guide  wore  is  the  last  wcrd  on  the  page.  If  the  word  you  are  looking  for  is 

alphabetically  between  these  two      you  will  know  it  is  on 

that  page. 

hiiiimiimiimi 

guide  words 

Look  up  the  word  "alphabet"  in  your  dictionary.  Note  that  this  word  is  divided  into 
three  syllables.  In  pronouncing  this  word  the  stress  or  accent,  identified  by  the  heavy 
stress  mark,  is  on  the  first  syllable.  Look  at  some  other  words  in  the  dictionary,  and  you 
will  find  some  of  them  have  two  —  ;  a  heavy  one  and  a  tighter  one. 


m 


stress  marks 
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The  heavy  stress  mark  is  celled  the  primary  accent  and  the  lighter  stress  mark  is 

called  the  secondary  accent.  In  pronouncing  these  words  more    is  given  to 

the  with  the  heavy  stress  mark. 

iiiimiiiiiiimiii 

stress  syllable 

Immediately  following  each  word  is  a  respelling  ot  it  to  help  you  in  its  correct  pro- 
nunciation. In  this  .  the  vowels  are  marked  to  show  how  they  are 

sounded.  Note  these  markings  in  the  word  "alphabet." 

IMIIlllllllllttMII 
respelling 

These  markings  are  called  diacritical  marks.  The  key  tc  these  sounds  is  at  the  bottom 
of  the  page  or  in  the  section  "Guide  to  Pronunciation/'  near  the  front  of  the   —  


di<^i( 


!  1 1 M  M I 

onary 


The  letter  or  letters  following  the  respelling  of  the  word  identifies  its  part  of  speech 
such  as  a  noun,  verb,  adjective,  etc.  The  letter  "n"  following  the  word  "alphabet" 
identifies  it  as  a  

immiiiiliiiiiiii 

noun 


Thr  information  enclosed  within  the  brackets  gives  the  origin  or  derivation  of  the  word. 

Note  that  the  word  "alphabet"  is   _  from  the  Latin  word  alphabetum, 

which  in  turn  comes  from  the  Greek  words  atf>ha  and  beta. 

mmiiiiiiimini 

derived  or  originated 


The  definition  of  thp  word  is  next.  If  there  are  several  ~   ,  y°u  must 

consider  the  word  in  relation  to  its  use  in  the  sentence  and  then  select  the  correct 

#4  


definitions  definititfh 
 _  


\ 
\ 
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'a  dictionary  should  be  an  important  part  of  your  study  references  The  more  you  use  it 
the  easier Twill  be  to  locate  words  and  their  meanings.  Arrange  the  following  words  m 
alphabetical  order  and  look  up  the  definition  of  the  words  in  italics. 

lady,  cn&er,  stream,  argue,  profile  mugnoUa,  simple,  ladies,  embarrass,  beast, 
argument,  arguing 


C 


iiiniiiiiiiiiiiiiii 


adita,   lady,  magnolia, 


argue,   arguing,   argument,   beast,   embarrass,  ember, 
profile,  simple,  stream     -  / 

beast;  la:  an  animal  as  distinguished  from  h  plant  b:  a  lower  animal  as 
distinguished  from  man  c:  a  4-footed  mammal  as  distinguished  from  man,  lower 
vertebrates,  *pd  invertebrate -d:  an  animal  under  human  control  2:  a  contempt- 
ible person 

embarrass;  1*  ^Tamper  the  movement  of  b:  HINDER,  IMPEDE  2*  to 
place  in  doubt,  perplexity,  or  difficulties  b:  to  involve  in  financial  (difficulties 
c  to 'cause  to  experience  in  state  of  self-conscious  distress.  3:  to  make  intricate: 
COMPLICATE. 

ember,  1:  a  glowing  fragment  (as  of  coal)  from  a  fire;  esp:  such  a  fragment 
smoldering  in  ashss.   2  pi":  the  smoldering  remains  of  a  fire. 

magnolia;  any  of  a  genus  (magnolia  of  tb*  family  Magnoliaceae,  the  Magnolia 
Family)  of  No.  American  and  Asian  shruba  and  trees  with  entire  evergreen  or 
deciduous  leaves  and  usu.  showy  white,  yellow,  rose,  cr  purple  flowers  appear- 
ing in  early  sp^ng.  • 
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TABLE  OF  CONTENTS  f^ 

OBJECTIVE 

Given  a  Table  of  Contents  and  a  list  of  subjects,  write  page  number  of  each  subject. 
INTRODUCTION 

Knowing  how  to  study  is  essential  to  your  learning  efforts.  Since  r  students  have  a 
limited  time  for  study,  maximum  use  of  this  time  is  important.  This  section  deals  with 
the  Table  of  Contents.  Learning  to  use  the  Table  of  Contents  will  save  you  valuable 
minutes. 

INFORMATION 

The  design  of  the  Table  of  Contents  varies  with  the  author.  The  examples  used  in  this 
tarf  i*i  rV-xliariie  you  with  some  of  the  designs. 

The  faUe  of  Contents  on  page  45  uses  chapters  and  sections.  If  you  are  looking  for  in- 
formation concerning  crystals,  you  would  locate  this  information  in  chapter  1,  section  B, 
page  6. 

If  you  need  information  about  stabilizing  circuits  which  use  diodes,  you  would  locate 
this  in  chapter   ,  section  . ,  page  

immiiiiiiimm 


3  C  39 

Y:>u  are  a  te:  ^mician  who  needs  to  review  information  about  phase  inverters.  From  the 

Table  of  Conte 1  ts  on  page  45,  you  would  find  this  material  in  chapter  ,  section 

 ,page  

l!lillil!lli!llliUJ 


57 


Another  Table  of  Contents  is  shown  on  page  46.  This  one  uses  chapters,  headings,  and 
subheadings.  You  locate  desired  information  in  this  Ta^e  of  Contents  in  basically  the 
same  manner  as  the  first  example. 
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You  are  going  to  writ*  trainin  ;  literature  and  -eed  information  about  the  standards  for 
illustrations.  Where  in  the  book  would  this  information  begin? 

Chapter  ,  Title:  

Heading:   .  —  - 

Subheading:  .    

Page:  

IIIIIIIIIIIIIIIIINI 

Chapter   1,  Preparing  Training  Literature 
Heading:  Quality  Standards 
Subheading* — Illustrating 
Page:  M3 


You  want  to  find  information  about  the  use  of  study  guides?  Use  the  Table  of  Contents 
on  page  46. 

Chapter  ,  Title:  

Heading:  — .  * 

Page:  

iiiiiiiiimiiiimi 

Chapter  2,  Study  Guides 
Heading:  Purpose  and  Use 
Page:  24 


Go  back  to  page  3  and  briefly  glance  over  the  material.  Don't  forget  the  recite  and 
review  steps  of  the  SQ3R  planned  method  of  study.  Use  them  with  this  text,  too. 
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TABLE  OF  CONTENTS 


CHAPTER  I.  TRANSISTOR  THEORY 
SECTION  A  Structure  of  Matter 
SECTION  B.  Crystals,  Doners  and  Acceptors 
SECTION  C.  PN  Junctions 
SECTION  D.  Transistors 

CHAPTER  2.  TRANSISTOR  AMPLIFIER  FUNDAMENTALS 
SECTION  A  Graphic  Symbols 
SECTION  B.  Transistor  Arrangements 

CHAPTER  3.  BIAS  STABILIZATION 
SECTION  A  Resistor  Stabilizing  Circuits 
SECTION  B.  Transistor  Stabilizing 
SECTION  C.  Diode  Stabilizing  Circuits 
SECTION  D.  Voltage  Stabilization 

CHAPTER  4.  AUDIO  AMPLIFIERS 
SECTION  A  Preamplifiers 
SECTION  B.  Coupling  Networks 
SECTION  C.  Phase  Inverters 
SECTION  D.  Power  Amplifiers 
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This  handout  1»  In  three  sections.    Section  I  is  a  list  of  frequently  used 
abbreviations.    Section  II  is  intended  to  give  you  general  definitions  that 
apply  to  several  areas  of  study.    Section  III  (electrical  termj)  is  more 
specific  In  that  the  terms  apply  to  one  main  area  of  study.    Anytime  you 
are  studying  a  piece  of  material  that  has  words  of  which  you  are  not  sure 
of  the  definition  use  this  handout.     If  the  definition  is  not  In  this  handout 
please  consult  your  instructor. 


ACFT- 
A/C- 
ATM- 


SECTION  I.     FREQUENTLY  USED  ABBREVIATIONS 

-Aircraft 

-Air  Conditioning 

-Air  Turbine  Motor 


Btu- 


-Sritish  Thermal  Unit 


CB  Fire  Extinguishing  Agent  (Bromochlorome thane) 

C/B  —  Circuit  Breaker 

q  Celsius  (previously  Centigrade) 

CFH  Cubic  Feet  Per  Minute 

Cu.In.  -Cubic  Inches 

/\p  Delta  Pressure  (Differential  Pressure) 


EBA- 


-Fngine  Bleed  Air 


-Fahrenheit 


-Gallons  per  minute 


rpm — 
SHE— 

SOV— 
c  


—Revolutions  Per  Minute 
-Secondary  Heat  Exchanger 
-Shut  off  Valve 

-Sigma 


11^0  Water 


Hg- 


-Mercury 


LPM- 


-Liters  per  minute 


PPM-- 
P.IE— 
psi- 
p  *>  i  «i 
psid 


--Pounds  per  minute 

--Primary  Heat  Exchanger 
-Pounds  Per  Square  Inch 
-Pounds  Per  Square  Inch  Absolute 
-Pounds  Per  Square  Inch  Differential 


psig  Pounds  Per  Square  Inch  G.iuge 


1 
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SECTION  II.     DEFINITIONS  OF  GENERAL  TERMS 


ABORT 


ABSOLUTE  TEMPERATURE 


ABSOLUTE  ZERO 


ACCELERATION 
ACCESSORY  DRIVE 

ACTUATE 

ADIABATIC 


AERODYNAMIC  BREAKING  FAN 


AERODYNAMIC  HEATING 


AIR 


AIR  CONDITION 


-A- 


I -Of  airborne  persons  or  aircraft;  to  turn  hack  from 
an  aerial  mission  before  completion,  especially  for 
reasons  other  than  enemy  action.     2 -To  cause  an  air 
mission,  sortie,  or  operation  to  fall  short  of  success 
for  reasons  other  than  enemy  action. 

A  temperature  expressed  in  terms     f  a  scale  beginning 
at  absolute  zero. 

The  temperature  at  whicii  all  thermal  motion  or  heat 
action  ceases.    On  the  Fahrenheit  scale  it  Is  equal  to 
459.7  degrees  below  zero.    On  the  Celsius  scale  it 
is  equal  to  273.16  degrees  below  aero. 

The  action  or  process  of  velocity  increase;  the  rate 
of  velocity  increase,  often  measured  in  G's. 

A  special  driveshaft  and  gears,  operated  off  the 
engine,  to  actuate  and  drive  accessories. 

To  put  into  use;  to  move;  to  cr;use  to  operate. 

The  change  in  the  temperature  of  the  air  or  other  gas 
due  to  a  change  in  pressure  on  the  air  or  gas. 

A  faft  designed  to  create  a  drag  on  the  turbine  of 
some  aircraft  starters,  thereby  limiting  the  turbine 
speed • 

The  heating  of  an  aircraft  due  to  th°  friction  of  air, 
significant  chiefly  at  high  speeds. 

The  mixture  of  gase^  in  the  atmosphere.    The  clement 
through  which  aircraft  fly. 

The  process  of  conditioning  air.    This  is  done  by 
hei-ting^  cooling,  cleaning  the  air,  and  controlling 
moisture  content. 


AIR  FLOW 
AIR  INLET 
AIR  INTAKE 


A  flow  or  movement  of  sir. 
An  entrance  for  air. 

A  scoop,  duct ,  or  the  like  for  taking  in  air,  an  air 
inlet . 


AIR  PRESSURE 
AIR  SOUOP 


Either  the  static  or  dynamic  pressure  of  air  or  both. 

A  device  or  part  mounted  on  the  aircraft  which  opens 
toward  the  front  for  taking  In  air  during  flight. 
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AIR  SEAL 
AIR  START 
ALTIMETER 
ALTITUDE 


ALTITUDE  INDICATOR 
AMBIENT 

ANEROID 


ANOXIA 

ANTI  (prefix) 
ANTI-G  DEVICE 

AOTl-G  SUIT 

ANTI-ICER 

ANTI-ICING 
ANTI-ICE  SCREEN 

ATMOSPHERE 

ATMOSPHERIC  PRESSURE 


AUTOMATIC  TEMPERATURE 
CONTROL 


Any  partition,  gasket,  or  the  like  used  to  block  off 
or  stop  the  flow  or  passage  of  -*ir. 

An  act  or  instance  of  starting  an  airplane's  engine 
while  in  flight. 

A  flight  instrument  that  indicates  altitude  above  a 
given  reference  level,  as  above  the  sea  or  ground. 

The  elevation  of  an  object  above  a  given  level, 
above  sea  or  ground.    The  vertical  distance  between 
any  point  in  the  atmosphere  or  air  and  a  reference  point 
on  the  earth's  surface. 

Any  device  for  indicating  altitude. 

Surrounding,  encompassing,  as  in  ambient  air,  ambient 
temperature. 

A  disc  shaped  metallic  capsule  from  which  all  air  has 
been  evacuated,  which  expresses  its  sensitivity  to 
changes  in  atmospher.     pressure  by  expanding  and 
contracting. 

Literally  the  absence  of  oxygen  In  the  blood  cells, 
or  tx-sues,  as  would-be  the  case  if  a  person  were  at 
50,000  feet  without  benefit  of  oxygen  equipment. 

Counter;  against  opposing. 

Any  device  designed  to  protect  a  person  against 
high  G  forces. 

A  suit  designed  to  protect  a  person  against  positive 
G  forces  over  1.75  G. 

A  device  designed  to  prevent  the  formation  of  ice. 

Of  a  compound,  a  fluid  or  equipment  that  prevents  icing. 

A  wire  mesh  screen  located  in  the  turbine  outlet  of 
some  air  conditioning  systems  that  is  designed  to 
prevent  icing  of  the  water  separator. 

1-The  body  of  air  which  surrounds  the  earth.  2~The 
pressure  of  the  air  at  sea  level,  equal  to  14*7  psi. 

The  static  force  or  pressure  exerted  by  the  atmosphere 
in  any  direction  in  any  part  of  the  atmosphere  envelope- 

Designating  mechanisms  that  work  in  reaction  to  certain 
conditions  to  automatically  control  the  temperature  of 
an  aircraft  cockpit  or  cabin. 
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AUXILIARY 


AUXILIARY  POWER  UNIT 


AXIAL  FLOW 


BAILOUT 

BAILOUT  OXYGEN  BOTTLE 
BALL  BLARING 


BAROMETER 

BAkOMETRIC  PRESSURE 
BAROMETRIC  SWITCH 

BELLOWS 

BENCH  CHECK 

BENDS 

BtRNOL'Ll'S  LAW 


BLEED 


BLOWER 


BONDING 


m 

Of  operated  systems;   that  supplenu..   >  or   I,  in 

addition  to  regular  air  operated  systems,  as  In 
ra  n  removal  systems,  anti-C  yult  system-,,  canopy 
seal  r    .stents,  and  windshield  dc  Togging  ant,  anll-lelng 
systems . 

A  power  unit   that  can  be  used   in  addition  to,  or  in 
place  of  other  sources  of  power. 

In  a  jet  aircraft,   the  flow  of  air  along  the 
longitudinal  axis  of  the  engine. 

-B- 

The  action  of  bailing  out  of  an  aircraft  by  parachuting, 

A  portable  metal  bottle  containing  oxygen  to  be  used 
by  a  person  after  bailout  at  high  altitudes.  Some- 
times called  a  ''bailout  oxygen  cylinder. " 

A  beiring  in  which  the  moving  parts  operate  against 
freely  revolving  ste  :1  balls  contained  in  a  race, 
chiefly  for  the  purpose  of  reducing  f-i  *tion;  anyone 
of  the  balls  in  such  a  bearing. 

An  Instrument  for  measuring  atmospheric  p  essure,  used 
in  such  instruments  as  an  altimeter. 

Atmospheric  pressure  as  measured  by  a  barometer. 

A  switch  activated  by  an  aneroid  reacting  to  a 
barometric  pressure . 

An  open,  flexiMe  container  operated  by  atmospheric 
pressure . 

A  work  shop  check  of  the  condition,  completeness,  or 
-/orking  c_der  of  a  piece  of  equipment. 

A  painful  cramping  in  the  joints  cau.,^   by  a  rapid 
rise  to  high  altitudes  without  the  use  of  oxygen 

A  law  of  physics  stating  that  as  the  velocity  of  a 
fluid  increases,  its  internal  pressure  decrease. 

To  drain  01  divert  all  or  part  of  the  contents  of  an 
air  line  or  ~haiTiber. 

A  device  for  moving  large  volumes  of  air  at  Jov 
pressures . 

A  system  of  conn.ctions  ot   contacts  which  insure  that 
the  metal  parts  of  .  n  aircraft  form  a  continuous 
electrical   unit   thus  preventing  the  ar.  ing  of  static 
electrici i y , 
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5  l7y 


m 

BOUNDARY  LAYER 


BOUNDARY  LAYER  CONTROL 


BOURDON  TUBE 


BREATHER  TUbE 


BREECH 


BRITISH  THERMAL  UNIT 


BUCKET 
BULKHEAD 

BURNER  CAN 

BY-PASS 


CABIN 

CABIN  HEATER  DUCT 
CABIN  LEAKAGE  TESTER 

CABIN  PRESSURE 
CAM 


A  thin  layer  of  air  next  to  an  air  foil,  distin- 
guishable from  the  main  air  flow  by  distinctive  flow 
characteristics  of  its  own  set  up  by  friction. 

The  di^'fcfi  or  control  of   '.rfoils  and  certain  airfoil 
attachments  tc  reduce  or  remove  undesirable  aerodynamic 
effects  as  parasite  drag,  caused  by  the  boundary  layer; 
the  science  of  such  design  and  control. 

A  metallic  C-shaped  or  coil  shaped  tube  open  at  one 
end  to  receive  gas  or  fluid  piessures,  used  in  certain 
instruments  as  a  pressure  measuring  device. 

A  tube  providing  an  opening  in  the  sump  of  an  ATM,  a 
starter,  or  a  turbine  assembly  to  equalize  the  pressure 
in  the  oil  sump  with  atmospheric  pressure. 

The  container  on  a  cartridge  starter  where  the 
cartridge  of  ammonium  nitrate  is  placed,  for  igniting. 

A  unit  of  heat.     The  heat  required  to  raise.-4:h3 
temperature  ot  one  pound  of  water,  at  its  maximum 
density,  one  degree  Fahrenheit.     Also,  the  heat 
to  be  removed  in  cooling  one  pound  of  water  one  degree 
Fahrenheit . 

One  of  the  blades  or  vanes  attached  to  a  turbine  wheel. 

A  partition  or  frame  serving  to  divide,  support  or 
give  shape  to  the  fuselage  of  an  airplane. 

A  combustion  chamber  in  a  jet  engine  or  combustion 
heater. 

1-A  path  for  current  or  fluid  to  be  carried  around 
something.     2-A  route  used  ~s  an  alternate  when  some 
obstruction  makes  use  of  the  normal  route  impracticable. 

-C- 

An  inclosed  compartment  in  an  aircraft  for  passengers 
or  crew  members.     Also  known  as  cockpit. 

A  duct  for  conveying  heater  air  to  an  aircraft  cabin. 

Used  tc  suo^1"  air  to  the  aircraft  cabin  for  testing 
the  cabin  to*  air  tightness  under  pressurized 
conditions . 

The  air  pressure  in  an  aircraft  cabin. 

A  part  mounted  on  a  shaft  and  as>  d  to  impart  a 
reciprocating  or  alternating  motion  to  another 
part  by  bearing  against  it  as  it  rotates. 


0 


• 


;rlc 


lo() 


CAN  FOLLOWER 
CANOPY 
CANOPY  SEAL 

CAPSULE 

CARBON  DIOXIDE  SYSTEM 
CARTRIDGE 


CART  HI DC  K- PN  LUMAT I C 
STARTER 

CASTELLATED  NUT 


CELLULOSE  NITRATE 


:elsius 


C  NTRLKUCAL 
CHANCE  OF  STATE 

CHECK  POINT 
CHECK  VALVE 
CLEAR  ICE 
CLIMB 

co2 

COCICWT 


/?*- 

A  part  that  rides  the  rani. 

Any  overhanging  cover  as  in  na  canopy  of  an  aircraft.'1 

Used  to  seal  the  cabin  to  an  airtight  condition. 
Usually  inflated  by  air  pressure. 

An  air  tight  ejectable  airplane  cockpit  or  cabin. 

A  system  using  carbon  dioxide  for  extinguishing  fire 
in  an  aircraft . 

A  solid  propellant  of  ammonium  nitrate  used  to  turn 
the  turbine  of  a  car tridge-pneumatic  starrer. 

Used  to  9tart  aircraft  engines  by  use  of  either  a 
solid  propellant  cartridge  or  bleed  air. 

A  nut  divided  into  slots  to  receive  a  cotter  pin  and 
thus  resembling  a  castle. 

Any  of  several  esters  of  nitric  acid  used  as  an 
explosive.     Produced  by  treating  cotton  or  some  other 
form  of  cellulos°  with  a  mixture  of  nitric  and  sulphuric 
acids.     Used  in  explosives  such  as  in  a  fixed  fire 
extinguisher  squib.     Also  called  "gun  cotton." 

A  thermometer  seal*"1  (son  "times  called  Centigi  due)  in 
which  0  degrees  represents  the  freezing  point  and 
100  degrees  represents  the  boiling  point  of  water 
under  standard  atmospheric  conditions. 

Moving  or  directed  away  from  the  center  of  rotation. 

A  change  in  the  physical  characteristics  of  a 
substan  _  such  as  when  water  becomes  steam  or  steam 
becomes  water . 

A  known  or  designated  point  used  as  a  ieference  in 
troubleshooting  an  electrical  system  - 

A  valve  that  automat i r al J y  prevents  a  reverse  flow 
of  a  gas  or  fluid. 

A  transparent  ice  deposited  in  layers  on  the  airfoils 
of  an  airplane  in  flight.     Also  called  gla/e. 

Of  an  airplace;  to  ascend  or  gain  altitu,**»  especially 
under  power . 

Fire  extingu I sher  agent . 
See  Cabin 
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1SI 


COMBUSTION 


COMBUSTION  CHAMBER 

COMPENSATOR 

COMPONENT 

COMPRESSOR 

CONDENSE 
CONDENSER 

CONDUCT!"*' 

INSTANT  FLOW  OXYGEN 
EQUIPMENT 


O)NTINU0US  PRESSURE 
BREATHING 


CONTROL  AIR 
CONTROL  PANEL 

CONTROL  SURFACE 

CONVECTION 

CONVERTER 

ruOLFR 


A  chcmica^  action,  or  burning;  in  a  combustion  heater 
the  burning  of  a  fuel-air  mixture. 

A  chamber  or  cylinder-Oike  assembly  where  fuel  and 
air  are  mixed,  ignited,  and  burned. 

Any  device  used  to  offset  or  allow  for  undesirable 
forces  or  motions. 

A  constituent  part  of  a  whole,  especially  one  having 
no  function  apart  from  th    whole,  as  the  wing  of  an 
airplane . 

A  machine  or  apparatus  for  compressing  something; 
especially  for  compressing  air. 

To  change  state  from  a  gas  to  a  liquid 

A  device  for  removing  heat  from  a  gas  for  the  purpose 
of  causing  the  gas  to  condense  to  a  liquid. 

Heat  transmission  by  contact  of  two  substances. 

A  kind  of  oxygtrn  equipment  designed  to  supply  a 
continuous  flow  of  oxygen  to  the  user.     Also  called 
continuous  flow  oxygen  equipment. 

A  kind  of  pressure  breathing  in  which  a  minimum  amount 
of  pressure  variation  exists  inside  the  mask.  See 
pressure  breathing. 

Compressed  air  used  as  a  controlling  device. 

A  surface  or  panel  on  which  switches,  rheostats,  and 
indicators  are  located  for  controlling  and  s«  'ervising 
system  ^  oration. 

In      broad  sense,  any  movable  airfoil   used  to  -uir5 

or  contiol  an  aircraft  including  the  rudder,  elevators, 

ail erons ,  spoi ler  flaps ,   trim  tabs,  and  the  like . 

The  vertical  movement  of  a  limited  body  of  air.  The 
rising  of  relatively  warm,  light  air;   the  dowr^ard 
movement  of   relatively  cold,  heavy  air. 

Ar>  applied  to  an  oxygen  systtm.     A  double  walled,  vacuum 
Insulated  container  that   is  spheiifdl    in  ^ha^e  and  is 
used  as  a  -  om^l  space  for    liquid  ox\gen. 

Heat      •-•  haitgt-r    that   <  o->is   <  u>>     ant  *<s  f  L«w     &  th  t  ough 
it  . 

Any  suhst     ■*  tr  »,»  "d    tn  'i^i* 
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*  CORROSION 
COWLING 


CUT  OFF  SPEED 


DECELEkATION 


DECOMPRESSION 


DEICER 


DEICER  BOOT 


DEMAND  kECULATOR 


DENSITY 
DEPRESSURIZE 

DES I CCANT 

DFSICCATOR 
DIAPHRACM 

DIFFERENTIAL  PRESSURE 


To  eat  away  gradually  by  chemical  action.  Also 
called  rust. 

A  covering  of  metal  or  otlte**  material  placed  over 
or  around  an  aircraft  component  or  section  for 
directing  and'  regulating  the  flow  of  cooling  air; 
for  st  reai^l  ining  and  for  protecting  the  part  or 
sec  t  ion  covered . 

The  speed  at  which  electrical  powt r  to  the  starter 
control  valve  is  removed,  thereby  closing  the  starter 
control  valve  and  stopping  the  rotation  of  the 
pneuma tic  starter. 


-D- 


The  action  or  process  of  velocity  decrease;  the 
rale  of  \elocity  decrease,  often  measured  in  Gfs. 

The  process  of  decreasing  the  air  pressure  within  a 
chamber  or  cabin. 

Any  of  several  devices  used  especially  during  flight 
for  keeping  cert   in  surfaces  of  an  aircraft  free 
of  ice. 

A  rubber  strip  on  the  leading  edge  of  an  airfoil 
actuated  pneumatically  to  break  the  ice  that  has 
formed . 

A  device  used  in  an  aircraft  oxygen  system  to  supply 
oxygen  automatically  through  the  mask  to  a  flyer 
according  to  the  dem  id,  the  flow  being  controlled 
a e cording  to        itude , 

The  weight  per  un j  t  volume  of  a  substance. 

To  release  the  pressure  :  *  urn  a  pressurized  compa*  ment 
of  an  aircraft « 

A  chemical  which  absorbs  moisture  from  the  air.  Used 
to  keep  the    *ir  inside  packi       cases  ur  p^t_,  os  of 
equipment  dry. 

A  unit  ct"t  j]  *ing  a  chemira!  which  absorbs  moisture 
from  t!  air, 

A  dividing  partition,  membrane*  or  capsule  that 
expands,  contracts,    <r  vihr  iteh  .  SHrvii,^  virious 


purposes  in  certain 


iiie  parts, 


The   di  f  fere;},  e  1  i  n 


lb  J 


m 

DIFFERENTIAL  RANGE 


DOUBLE  HINGED  SWINGING 
GAVE  DUGT  SUTPOKT  BRACKET 


DUCT 


DUCT  UNIVERSAL  JOINT 


DUMP  vALVE 


Applicable* to  aircrift  prossuri/atl on;  a  innge  of 
altitudes  whore  a  preset  differential  pressure  v.T i  11 
be  maintained  between  the  inside  and  outside  of  the 
aircraft  cabin, 

A  duct  support  bracket  founu  in  the  leading  edge  of 
wing  that    'ill  allow  a  pivot  action  to  take  place 
during  expansion  and  contraction  of  Mie  duct. 

A  tube  or  passage  for  conveying  air  or  gases   to  its 
point  of  use . 

A  bellows  type  assembly  placed  in  the  duct  runs  to 
provide  for  absorption  of  movement  in  the  ducts  due 
to  thermal  stresses  and  structure  leading. 

Applicable  to  aircraft  pressuri zati on ;  a  valve  used 
during  emergencies  (bailout)  for  rapid  decompression 
of  the  pressurized  areas. 


ELEVATOR 

ENGINE  BLEED  AIR 
ENGINE  NACELLE 


A  control  surface,  usually  attached  to  the  horizontal 
stabiliser,  moved  to  make  the  tail  of  the  aircraft  go 
up  and  down . 

Compressed  air  that  is  bled  from  a  jet  engine  or 
gas  turbine  uni  t . 

A  nacelle  primarily  used  for  housing  an  engine  and 
its  associated  parts. 


FAHRI  NHEIT 


KAN 


FEEDBACK 


i  ~  iJ  v  R 


t  I  RE  '  * i  uMISHFF 


H  r  <ABLE 


A  te,    .raUire  scale  in  whifh   32  degrees  is  th° 
freezing  point  and  212  decrees  represents  the  boiling 
po^nt  of  water  under  standard  atmospheric  conditions. 

A  device  for  moving  large  volumes  of  ail  at  extremely 
1 ow  pressures . 

In  electronics  and  electricity,  feedba  k  is  th*5 
transfer  of  energy  from  the  output  to  the   input  of 
the  same  electrical  system. 

Any  device  or  si  '    Nince  through  whi''    gurnet L lag  is 
passed  in  order  to  cleanse,   purify,     r  srparate  it. 

A  device  used  In  puling  out   fires*     May  he  a   l  \  xed 
or  portable  uni t . 


st  iV.le, 


1S1 


FLAP 

FIjOUMKTKR 

FLOWRATOR 

FOLDING  WING 
FORCE 

FRANGIBLE  DISC 
FREEZING  POINT 


/?<? 

Any  control  surface  such  as  speed  brakes,  dive  brakes, 
or  dive  recovery  brakes,  that  are  used  primarily  to 
increase  the  lift  or  drag  on  an  airplane. 

Aii  instrument  that  measures  and  displays  the  rate 
of  a  large  flow  of  d  liquid  or  gas. 

An  instiunu'iit   that  treasures  and  displays  the  rate 
of  a  small   flow  of  a  liquid  or  gas . 

A  wing  so  hinged   that  it  may  be  turned  upward. 

Power  or  energy  exerted  against  a  material  body  in  a 
given  direction. 

A  dcvJce  usually  made  of  mrital  which  is  scored  to 
break  at   the  store  lines.     Used  In  fire  extinguisher 
sys  terns . 

The  temperature  at  which  substances  become  stiff 
or  immobile. 


FROST 


A  feathery  d-»p'.sit  of  minute  ice  crystal  or  grains 
upon  a  surfa.'j  or  object  formed  directly  from  vapor 
in  the  air. 


FUSELAGE 


The  main  structure  or  central  section  of  an  airplane 
which  houses  or  contains  the  crew,  passengers,  or 
cargo. 


FUSIBLE  PLUG 


A  safety  device  having  an  insert  of  a  low  melting  point 
alloy.     At  excessive  temperatures  the  alloy  will  melt 
and  release  the  substance  inside. 


FUEL  fot*Z/JX 


FUEL  PUhP 


Atomizes  and  sprays   the  fuel  into  the  tombustion 
chamber  of  a  heater  ft  r  proper  birntng. 

Delivers  aircraft  fuei  ...jer  pressure  to  the  fuel 
nozzles  in  the  combust  ion  heaters. 


-C- 


G-M>K<_E 

gas 


The  gravitational   force  or  pull  of  the  earth. 

Any  substance,  like  air,  carbon  dioxide,  or  chlorine 
that  has  no  shape  or  volume  indeoendent  of  a  container 
that  might  hold  i.  .  and  tending  to  expand  indefinitely. 
Distinguished   from  a  liquid  or  a  solid. 


',AS  TI^HINE 


A  mech  -ntral  uni?  th  it  spins  or  rotates  in  *  lion 
to  a  f  1  »w  of  gas  pa  »-  *  .g  through  or  over  it  . 
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I  So 


GA&  TTRB1NE  COMPRESSOR 


GAS  TURBINE  UNIT 


GASKET 
GAUGE 

GO  NO-GO  GAUGE 
GRAVITY 


A  small  gas  turbine  engine  that  is  mounted  on  board 
the  aircraft  to  provide  hot,  high-pressure  air  for 
ground  checking  of  the  air  conditioning  systems  and 
starting  aircraft  engines. 

A  small  gas  turbine  engine  that  supplies  hot,  high- 
pressure  air  for  aircraft  use  and  emergency  electrical 
and  hydraulic  {  Twer.     This  unit  will  be  mounted  on- 
board the  aircraft . 

A  piece  or  ring  of  rubber,  metal,  p<per,  etc., 

placed  around  a  piston  or  joint  to  make  it  leak  proof. 

A  measuring  instrument.     AJr.o  spelled  gage. 

A  key  like  piece  of  metal  used  for  measuring 
clearances  between  points. 

1-The  force  that  makes  a  body,  if  free  to  iwve, 
accelerate  toward  the  center  of  the  earth,     2-A  G-force 
due  to  acceleration  and  deceleration. 


GROUND  AIRCART 


A  device  consisting  of  a  s.nall  gas  turbine  engine 
used  to  provide  hot,  high-pressure  air  for  starting 
the  aircraft  engines  and  ground  checking  the  air 
conditioning  system. 

To  check  or  inspect  an  airplane  or  piece  rf  equipment 
on  the  ground  before  it  becomes  airborne. 

Forces  engine  bleed  air  out  of  a  nozzle  to  create  a 
low  pressure  area  in  the  heat  exchanger  ram  air  exhaust, 
that  draws  cooling  ram  air  across  the  ^eat  exchanger. 
See  jet  pump. 

GROUND  SUPPORT  FXJUIPMENT    The  equipment  required  to  maintain  and  care  for  an 

aircraft  while  on  the  ground. 


GKUUN1)  utFCK 


GROUND  COOLING  EJECTOR 


G-SLi, 


A  garment  containing  a  number  of  bladders  for  covering 
parts  of  the  body  below  the  chest,  designed  to 
inflate  automatically  to  the  exact  pressure  to  prevent 
or  retard  the  pooling  of  blood  below  the  heart  during 
exposure  to  abnormal  G  forces.     Also  call?d  anti- 
blackout  suit  and  anti-G  suit. 


-ti- 


ll EAT  KXv'HANChR 


1-In  aircraft  air  conditioning,  a  device  or  system 
whereby  heat  is  transferred  from  the  hot  engine  bleed 
air  to  the  ram   lir,  thereby  cooling  Khe  engine  bleed 
air.     2-In  a  more  general  sense,  any  device  such  as 
a  water  rad1 at  or . 


ERLC 


HANG  FIRE 


G 


HIGH  PRESSURE  OXYGEN 
EQUIPMENT 

HIT  KIT  SPOT  WELDER 


HORIZONTAL  STABILIZER 

HYPEROXIA 
HYPERVENTILATION 


Pertaining  to  cartridge  starters;  an  abnormal  delay 
between  the  actuation  of  the  ignitor  and  the  establish- 
ment of  the  balanced  burning  pressure  of  the 
cartridge  during  a  Cartridge  stajrt. 

\ 

A  kind  of  aircraft  oxygen  equipment  designed  to 
withstand  a  relatively  high  internal  gas  pressure. 

I 

A  portable  welding  machine  that  can  be  u    -d  to 
repair  mt:tal  foil  duct  insulation. 

The  horizontal  component  of  an  airplane's  enpennage 
extending  on  both  sidos  of   the  fuselage. 

Excess  of  oxygen  in  the  body. 

Over  breathing;  excessive   loss  of  carbon  dioxide 
from  the  blood. 


HYPOXIA 


ICING 


IGNITER  PLUG 


IGNITION  HARNESS 


Oxygen  deficiency  in  the  blood,  cells  or  tissues. 
-1- 

The  act  or  process  of  atmospheric   moisture  freezing 
upon  the  surfaces  of  an  aircraft;   the  condition 
in  which   this  phenomenon  takes  place. 

A  opark  ;lug  used  to  1 gnite  the  fuel  mixture  in  a 
comb us t ion  heate r 

A  system  or  assembly  of  wires,   together  with  any 
shielding  or  conduits  inclosing  them,  for  conducting 
electric  current  to  the  igniter  plug  of  a  combustion 
heater. 


IGNITION  SYSTEM 


I N CON EL 


INDICATOR 


The  electrical  system  which  supplies  the  spark  for 
the  combustion  of  fuel   in  a  c  >mbustion  heater. 

(A  trademark  name)  A  nickel,  chrome,  and  iron  alloy 
designed  for  corrosion  resistance  at  fairly  high 
temperature. 

An  instrument  or  devi re . 


INDICATOR,  RATE  OF 
CHANGE 

INNER  LINER 


Indicates  the  rate  of  pressure  change  in  the  cabin  or 
cockpit  of  an  aircraft - 

The  inner  shell  of  a  ronhustion  chamber  Lnseit^d  to 
di  f  f use  the  comp  res  sed  air  in  the  rhambe r  and 
ma  1  n  t  a  i  n  an  efficient  f  i a rne  p at  t e m  . 


I f OH ART C  P KKSSURE 


Hav  i  ng  flu-  -  a      hai  omr  f  r !  c   ;  i  e  s  si  ire  . 
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ISOBARIC  RANGE 


JET  PUMP 


JET  NOZZLE 


KINETIC 

LABYRINTH  SEAL 

LAMINATED  METAL 

IANDING  FLAP 

I  AW  OF  HEAT  TRANSFER 
LEAK  TLST 

LEAK  TSC 

LIMIT  SWITCH 

1  IQUID 

LI  i  r  R 

LOW  PK'.SSURE  PXYOEN 
LQUIPMh NT 

I  i  *.h 

MANitf  MLR 


Applicable  to  aircraft  pressurizaf. ion;  a  range  of 
altitudes  where  the  atmospheric  pressure  in  the 
cockpit  is  held  at  the  sam',»  pressure  regardless  of 
the  aircraft  altitude. 


A  device  that  will  create  a  l'iw  pressure  area  In  the 
ram  air  outlet  of  a  heat  exchanger  which  will  draw 
additional  ram  air  across  the  heat  exchanger.  See 
ground  cooling  ejector. 

A  nozzle  producing  a  jet  of  liquid  or  gas.  An 
exhaust  nozzle  for  the  escape,  of  gases. 


Pertaining  to  or  due  to  moMon. 
-L- 

A  carbon  seal  used  in  refrigeration  packs  of  aircraft 
air  conditioi  ing  systems. 

Metal  consisting  of  two  or  more  metal  plates  bonded 
securely  together . 

A  flap  used  especially  to  slow  an  airplane  down 
for  landing. 

Heat  always  travels  from  hot  to  cold. 

Tests  made  in  various  manners  to  determine  the 
existence  and  location  of  leaks. 

A  soapy  solution  useH  to  determine  the  existence 
and  location  of  leal      <n  an  oxygen  system. 

On  valves;  a  switch  that  is  actuated  when  the  open 
or  closed  limits  of  a  valve  are  reached. 

A  substance,   like  water,  neither  solid  nor  gaseous, 
.hat  flows  freely  and  conforms  to  the  shape  of  a 
rontai  net. 

A  liquid  mtasure.     Approximately   14  ounce  . 

A  kind  of  aircraft  oxygen  equipment  designed  *o 
function  at  a  relatively  low   internal  gas  pressure. 

Short   for  lubii' a*  ing  oil  , 

-M- 

T-.od   to  \:n  tsuie  al  solute    md  d  \  t  f  *j  rt  t\ t  >  a  1  prv^urt^* 
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ERIC 


MASTER  SWITCH 
MATTER 

MERCURY  BAROMETER 
METAL  TOTE  INSULATION 


The  main  switch  that  will  control  the  starting  and 
stopping  of  the  entire  system. 

Anything  that  has  weight  and  occupies  .space. 

A  barometer  using  mercury  as  the  sensitive  element 
for  measuring  atmospheric  pressure. 

An  insulation  wrapped  arouiii  hot  air, ducts  to  minimize! 
the  heat  loss  from  the  ducts,  prevent  damage  to  the 
structure  and  equipment  adjacent  to  the  ducts,  and 
prevent  injury  to  personnel  coming  in  conta<  with 
the  ducts. 


MINIMUM  TEMPERATURE 
cDNTKOL  SYSTEM 


MISFIRE 
MICRON 

[10DU EATING  VALVE 
MOISTURE  SEPARATOR 


An  airiT-ift  tu.iperature  control  system  designed  to 
prevent  tlit.  temperature  of  the  refrigerated  air  from 
getting  too  low. 

Pertaining  to  the  e<irr  ridge  starter,  the  failure  of 
the  cartridge  of  a  cartridge  starter  to  ignite. 

Measurement  of  size  used  in  rating  filters. 

A  valve  that,  as  part  of  a  cabin  temperature  control 
systems,  varies  its  position  to  maintain  the 
temperature  at  a  constant  point. 

A  device  used  to  remove  noisture  from  an  airera  t 
air  conditioning  system. 


-  N- 


NACFLLE 


NEGATIVE  G 


A  separate  streamlined  inclosure  on  an  airplane  for 
sheltering  and  housing  something. 

A  G-foree  exerted  upon  the  human  body  acting  *  om 
the  foot  to  he-»  - 


NOMENCLATURE 


j 


NUZZLE 


NULL 


A  set  of  sysi      ■>  (  .   names  or  symbols  given  to  items 
of  supply  and  rr,  ;£^mt,  or  to  other  variously 
identifiable  f.l         <:s  r.  .  cans  of  classification  and 
idc'Uif  ic\t  Ion 

A  du  l   t,    o5*gh  which  a  liquid  or  gas   i?  directed, 
designee     .>  tin  ■  jase   the  velocity  of   the  liquid 
or  f is, 

A  rendition  existing  when  i  miniuum  unbalame  signal 
is   received  from  a  bridge  >  irceit.     Pie  bridge  circuit 
is  at  balance. 


NULL  INDICATOR 


A  ftnter  scale  »i,  .-etor  i«i.n«etod    1,  r.s^  a  bridge  circuit 
and  u*ed  to  indifate  whithei   rbt*  bridge*  circuit  is  at 
balance . 
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O-RING  SEAL 

OIL  COOLER 

OIL  DIPSTICK 

OIL  FILTER 

OIL  LEVEL 

OPEN  WOKK  ORDER 
ORIFICE 

OUTSIDE  AIR  TEMPERATURE 
OVERRUNNING  SPRAG  CLUTCH 

OXYGEN 

OXYGEN  BOTTLE 
OXYGEN  LACK 

OXYGEN  MAf '. 
OXYGEN  STATION 
OXYGEN  TENSION 


-0- 

A  synthetic  rubber  seal  made  in  the  shape  of  the  letter 
0  thr»t  is  used  to  prevent  leaks. 

A  kind  of  a  radiator  in  the  lubrication  system  of 
an  aircraft  for  coding  the  lubricating  oil . 

A  dipstick  for  measuring  oil  in  tanks  or  similar 
containers . 

A  device  used  to  remove  foreign  matter  from  the  oil 
before  it  reaches  the  areas  to  be  lubricated. 

*• 

The  level  in  a  urlt  or  component  at  which  oil  must 
be  carried  for  proper  lubrication. 

A  work  order  or  job  that  has  not  been  completed. 

An  opening;  mouth  or  outlet  of  a  tube,  cavity  vent. 
A  calibrated  circular  hole  used  to  regulate  flow. 

The  temperature  directly  outside  the  aircraft  (ambient). 

Part  of  an  aircraft  starter  that  transmits  the  torque 
of  the  turbine  only  in  one  direction,  thereby  preventing 
the  aircraft  engine  from  driving  the  starter  after 
the  engine  starts. 

A  chemical  element,  occurring  free  in  the  atmosphere 
as  an  odorless,  colorless,  tastelesc  gas  and  also  in 
combination  in  other  substances.     It  can  be  compressed 
to  a  liquid  state. 

A  metal  bottle  designed  to  hold  oxygen  for  breathing 
at  high  altitudes. 

A  condition  of  scarcity  or  absence  of  oxygen  in  the 
atmosphere,  as  at  high  altitudes,  or  in  a  confined 
space  unsupplied  by  oxygen. 

A  mask  that  covers  the  mouth,  nose,  and  lower  face, 
used  in  inhaling  oxygen  from  a  tank  or  bottle. 

A  place  or  point  in  an  aircraft  where  an  oxygen 
mask  can  be  attached  to  the  oxygen  supply  system. 

The  faculty  of  oxygen  at  a  given  pressure  and  a  given 
amount  to  extend  itself  into  the  cells  of  lungs  or 
into  the  blood  or  tissues  of  the  body. 
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-p- 


PACK  PRfSSURK  LIMITKR 

PERIODIC  POCK 
PFRTODIC  INSPECTION 

PHILLIPS  SCREW 

PHILLIPS  SCREWDRIVER 
PISTON  ENGINE 
PHOT -STATIC  TUBE 

PLENUM  CHAMBER 

PNEIJDRAULIC 
PNEUMATIC  ' 

POSITIVE  G 
PRECOOLER 

PREFLIGHT  INSPECTION 

PREHEAiFR 
PRESSURE 

P RES  SURE ,  ABSOLUTE 


A  pneumatically  actuated  type  unit  designo^'tei 
regulate  the  airflow  giong  to  the  air  conditioning 
system. 

A  dock  for  the  periodic  inspection  or  overhaul  of 
an  aircraft  or  engine. 

An  inspection  repeated  either  at  regular  intervals  of 

calendar   time  or  in  reference  to  certain  equipment 
after  it  has  been  used  for  a  given  number  of  times. 

A  holding  screw  having  a  special  head  with  two  slots 
which  cross  one  another  and  are  deeper  at  the  center 
than  ar   the  ends. 

A  cross  tipped  screwdriver;   to  be  used  with  a 
Phillips  >u_ad  screw. 

A  reciprocating  engine,  especially  an  internal- 
combustion  reciprocating  engine. 

A  tube  arrangement,  which,  when  inserted  into  a 
moving  air  steam  measures  impact  pressures  and 
stat  ic  pressures . 

An  air  chamber  opening  into  the  compressor  chamber  on 
certain   turbojet  or  turboprop  engines  where  air  is 
coll ec ted  for  the  compressor. 

Of  or  pertaining  to  mechanisms  or  devices  that  work 
by  both  pneumatic  and  hydraulic  action. 

1 -Mechanisms ,  devices,  or  tools  worked  by  compressed 
air  or  other  gases.     2-Also  used  to  designate 
associated  devices  as  in  pneumatic  compressor. 

A  G-force  exerted  upon  the  human  body  acting  fro*n 
the  head  to  the  feet . 

« 

A  device  used  to  initially  cool  the  engine  bleed  air, 

1-A  regular  procedure  followed  by  a  ground  crew 
each   time  or  each  day  before  a  particular  aircraft  is 
flown.     2-A  regular  part  of  the  periodic  inspection 
made  before  the  aircraft  is  given  a  flight  test. 

A  device  for  warming  up  something  before  use. 

Amount  of  force  distributed  over  each  unit  of  area. 
Expressed  in  pounds  per  square  inch   (psi) . 

Pressure  measured  in  reference  to  z^ro  pressure. 
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PRESSURE,  ATMOSPHERIC 

PRESSURE  ALTIMETER 
RES SURE  ALTITUDE 

PRESSURE  BREA'lHING 

PRESSURE  rAliIN 

PRESSURE  i*v"GN 
EQUIPMENT 

PRKSS''VE  GAUGE 

r,<f:SSURK  RATIO 

PRESSURE  REGULATORS 

PRESSURE  SUIT 

PRESSURE  SWITCH 


PRESSURE,  TEMP BRATURE,  & 
VOLUME  RELATIONSHIP 


The  pressure  exerted  by  the  earth's  atmosphere .  Under 
standard  conditions,  at  sea  level,  atmospheric  pressure 
is  14 . 7  ps ' a  or  0  psig. 

An  altimeter  that  measures  and  indicates  altitude  by 
means  of  differences  in  atmospheric  pressure. 

1-A  simulated  pressure  altitude  in  a  low  pressure 
chamber.  2~either  indicated  pressure  altitude  or 
cal  ib rated  pn  ^sure  altitude . 

r 

* 

The  breathing  of  oxygen  or  other  suitable  gases  * 
through  a  special  system  or  apparatus  at  a  pressure 
in  excess  of  the  ambient  pressure. 

A  pressurized  cabin. 

A  kind  of  low  pressure  oxygen  equipment  that  functions 
either  as  demand  oxygen  equipment  or  as  continuous 
pressure  breathing. 

A  gc-  Jge  or  instrument  that  measures  pressure,  or  is 
actuated  by  pressure. 

A  ratio  between  two  pressures  as     he  ratio  between 
the  inlet  and  outlet  pressures    i  a  compressor. 

Devices  which  establish  the  working  pressures  in  a 
system  and  maintains  them  at  that  point. 

A  garment  designed  to  provide  pressure  upon  the  body 
so  that  *       respiratory  and  circulatory  functions  may 
continue  normally. 

1-Composed  of  a  sealed  case  with  an  air  inlet 
connection,  diaphragm  assembly,  and  double  set  of 
electrical  contacts.     Air  pressure  against  the  diaphragm 
operates  the  el<    :rical  contacts.     2-A  switch  activated 
by  a  given  ambient  pressuie. 

As  pressure  increases,  temperature  increases  and 
volume  decreases. 


PRESSURIZATION 


The  term  used  to  designate  the  pressurizing  of 
aircraft  cabins  to  a  lower  altitude. 


PRbSSllPIZE 


PUMP,  OIL 


To  produce  and  maintain  in  a  cockpit,  cabin  or 
compartment  of  an  aircraft  an  air  pressure 
higher  than  tne  ambient  atmospheric  pressure, 
in  order  to  compensate  for  the  lowered  pr  ^sures 
at  high  alt  itudes . 

Supplies  pressuri  zed  oi  1   for  1  ubr  i  ca*~  ion  purposes  . 
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VJ2 


PYROMETER 


Precision  measuring  instrument  for  tempe i nture 
indi  cations . 


1*1 


QUADRICYCLE  I.ANDINC  GEAR 


QUICK  DISCONNECT  FITTING 


-Q- 

A  landing  gear  consisting  of  four  stparate  wheel 
units* 

A  pipe  or  electrical  fitting  i.i  an  aircraft  designed 
for  ready  disconnection  and  connection. 


RADIAL  FLOW  COMPRESSOR 


RADIATION 


RAM 


A  centrifugal  compressor  in  which  air  is  drawn  into  a 
rotating  impeller  axially,  being  discharged  radially 
at  the  circumference  of  the  impeller  at  high  velocity 
into  a  diffuser,  where  velocity  is  reduced  resulting 
in  conversion  of  kinetic  energy  into  pressure  energy. 

i 

1-The  act  or  process  of  radiating  or  the  state  of  being 
radiated;  also,  that  which  is  radiated.     2-The  combined 
process  of  emission,  transmission,  and  absorption  of 
radiant  energy. 

The  forward  motion  of  an  air  scoop  or  air  inlet  through 
the  air. 


RAM  AIR  SCOOP 


RANKINE  SCALE 


A  scoop  extended  into  the  air  stream  to  provide  an 
emergency  source  of  ram  air  for  ventilation  of  the 
crew  compartment  of  the  airplane. 

K  temperature  scale  that  uses  Fahrenheit  degrees,  but 
makes  the  0  degree  signify  absolute  zero  (degrees  R) . 
The  freezing  point  of  water  on  the  Rankine  Scale  is 
491.69°. 


REDUCTION  GEAR 


REED  AND  PRINCE 
SCREWDRIVER 

REGULATION 


REGULATOR 


A  gear  assembly  between  a  powered  shaft  and  another 
shaft,  by  which  the  latter  shaft  is  driven  at  a  lower 
rpra  than  the  powered  shaft . 

A  trade  name  for  a  kind  of  screwdriver  having  a  blunt 
tip  and  a  cross  shaped  cross  section  at  the  top. 

The  act  of  governing,  controlling,  or  directing;  or 
the  state  of  being  controlled  or  directed. 

A  device  that  regulates  the  flow  or  pressure  of  a 
liquid  gas. 


REGULATOR,  CABIN  PRESSURE  A  device  that  controls  cabin  pressure  by  controlling 

the  amount  of  pressu  ized  air  leaving  the  cabin. 


REGULATOR,  CANOPY  SEAL 


A  device  that  regulates  air  pressure  for  pressurizing 
the  canopy  seal. 
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REGULATOR,  AIR  PRESSURE 


REGULATOR,  CABIN 
TEMPERATURE 


RELIEF  VALVE 
RUPTURE  DISC 


SEAL 
SEALANT 
SEAT,  VALVE 

SIGHT  GAUGE 
SOLENOID 


SOLENOID  ^VALVE 
SPRING  LOAJ*p 
SQUIB 


STATIC  AIR  PRESSURE 


STATOR 


STATOR  BLADE 


STRUT,  ENGINE 


SUBASSEMBLY 


A  device  that  establishes  the  working  pressure  of  an 
air  operated  system  and  holds  it  at  that  point. 

A  device  operated  either  electrically,  electronically, 
or  pnruniat  ically  provided  to  maintain  cabin  temperature 
at  a  predetermined  setting. 

A  safety  valve  used  to  relieve  excessive  pressure. 

A  metal  disc  installed  in  an  air  conditioning,  fire 
extinguishing,  or  oxygen  system  that  will  burst  when 
pressure  becomes  too  high. 

-S- 

A  device  to  prevent  leakage  of  liquid,  gas,  or  air. 
A  sealing  compound. 

That  part  of  a  component  which  forms  the  seal  between 
the  housing  aid  the  valve  when  the  valve  is  in  the^ 
closed  position. 

Used  to  observe  the  condition  of  a  fluid  in  a  system 
or  component . 

A  coil  of  insulated  wire  wound  in  the  form  of  a  spring 
or  on  a  spool.     A  solenoid  uses  DC  or  AC  fc.  its 
operation . 

A  valve  actuated  by  a  solenoid. 

Held  or  driven  under  spring  pressure. 

1-  Any  of  various  small  size  explosive  devices. 

2-  Specif ically  an  electrically  detonated  explosive 
charge  in  a  thin  walled  metal  container. 

Static  pressure  exerted  by  air  upon  an  object 
especially  by  the  air  of  the  atmosphere  as  in  a  pitot- 
sfatic  tube. 

In  machinery,  a  part  that  remains  fixed  in  relation  t3 
a  rotating  part . 

A  blade  or  vane  that  remains  fixed  with  respect  to  a 
rotating  blade. 

Any  rigid  structure  that  protrudes  from  a  wing,  fuselage 
or  other  surface  of  an  aircraft  to  support  an  engine. 

A  unit  or  element  of  a  major  assembly,  consisting 
of  two  or  more  separate  parts  assembled  together. 
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SUMP 


SWINGING  GATE  DUCT 
SUPPORT  BRACKETS 


SWITCH,  DIFFERENTIAL 
PRESSURE 

SWITCH,  PRESSURE 


SWITCH,'  THERMAL 


in 

A  reservoir  at  a  low  point  in  a  fuel  or  lubrication 
system  where  the  liquid  is  collected  and  stored. 

Brackets  mounted  in  the  leading  edge  of  the  wings  to 
nlliiw  a  piVot  action  to  take  pJace  dtirinj;  expansion 
and  contraction  of  the  ducts. 

Ail  electrical  switch  actuated  by  differential 
pressure • 

An  electrical  switch  that  is  opened  or  closed  when  a. 
specified  pressure  is  applied  to  it. 

An  electrical  switch  made  of  bimetallic  contacts 
that  will  open  or  close  in  response  to  the 
temperature  it  senses. 


-T- 


TACHOMETER 


TECHNICAL  ORDER 


TECHNICAL  ORDER  KIT 


An  instrument  that  indicates  in  revolutions  per  minute 
the  rotational  speed  of  a  unit.  . 

An  AF  publication  that  gives  specific  technical 
directions  and  information  with  respect  to  inspection, 
storage,  operation,  modification,  and  maintenance 
of  given  AF  equipment. 

A  kit  consisting  of  the  tools  or  parts  necessary 

to  use  or  maintain  a  piece  of  equipment  as  prescribed 

in  an  AF  TO. 


TEMPERATURE 


Degree  of  hotness  or  coldness  measured  on  a  definite 
scale  * 


TEMPERATURE,  AMBIENT 


The  temperature  of  the  air  surrounding  the  object  under 
considerat  ion. 


TEMPERATURE  SELECTOR 


TEMPERATURE  SENSING 
ELEMENT 


TEST  SET 


TEST  STAND 


THERMAL  COMPENSATOR 


A  device  used  by  the  crew  members  to  select  the 
temperature  to  be  maintained  in  the  cockpit  or  cabin. 

A  te*  perature  sensitive  resistance  that  is  part  of  the 
balance  bridge  circuit  and  senses  the  temperature 
changes  that  take  place  in  the  cabin  or  the  duct. 

A  set  of  equipment  used  to  test  system  operation  and 
locate  fruits  and  troubles  in  the  systems  maintained 
by  this  career  field. 

A  strong  stationary  stand  on  which  the  component  part 
of  the  systems  found  in  this  career  field  are  tested 
for  operation, 

A  device  installed  in  the  ducts  of  the  bleed  air 
system  to  allow  for  linear  growth  of  the  duct  caused 
by  thermal  expansion  of  the  duct. 
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1KERMIST0R 


THERMOCOUPLE 


A  small  resistor  in  which  the  resistance  varies  over  a 
wide  range  with  temperature. 

A  roinifctlon  or  junction  of  two  pieces  of  dissimilar 
metals  which  produces  a  current  when  heated. 


TilKRMOSIAT,  MEKCURY 


TOLERANCE  COMPENSATOR 


TORQUE 


TORQUE  WRENCH 


TRICYCLE  LANDING 
GEAR 


TURBINE 


TURBINE  COMPRESSOR 


TURBINE  AND  FAN 
ASSEMBLY 


TURBINE  WHEEL 


TURBOJET  ENGINE 


TURBOPROP  ENGINE 


An  apparatus  consisting  of  a  glass  tube  and  metal 
eonLacts  in  which  mercury  rises  and  falls  as  it 
expands  or  contracts  from  changes  in  temperature.  This 
unit  is  used  'o  reguJate  temperature  in  an  aircraft  cabin. 

A  device  installed  in  ducts  in  the  bleed  air  system 
to  improve  the  necessary  adjustments  in  duct  lengths 
due  to  duct  and  aircraft  tolerances. 

A  movement  that  produces  or  tends  to  produce  rotation, 
twisting,  or  torsion. 

A  wrench  designed  to  disengage  when  the  torque  required 
to  turn  a  bolt  or  nut  increase  beyond  a  certain  point. 

A  three  wheel  landing  gear  in  which  no  tail  wheel  or 
tail  skid  is  used,  normally  consisting  of  two  main 
wheels  with  an  auxiliary  wheel  forward. 

A  mechanical  device  that  spins  in  reaction  to  an 
airflow  passing  over  or  across  the  vanes. 

A  combination  of  a  turbine  wheel  and  a  compressor 
wheel  mounted  on  the  same  shaft.    The  compressor  ;3 
used  to  raise  the  temperature  and  pressure  of  the 
air  passing  through  it  and  put  a  load  on  the  turbine 
to  keep  it  from  overspeeding.     The  turbine  cools  the 
air  applied  to  it  by  rapid  expansion  and  by  converting 
heat  energy  to  mechanical  energy.     This  unit  is  the 
cooling  unit  found  in  some  aircraft  air  conditioning 
systems . 

An  expansion  type  cooling  unit  used  in  some  aircraft 
air  conditioning  systems.     The  fan  is  used  to  put  a 
load  on  the  turbine  and  draw  ram  air  across  a  heat 
exchanger.    The  turbine  cools  the  air  applied  to  it  by 
rapid  expansion  and  by  converting  heat  energy  to  mechanical 
ene  rgy . 

A  wheel  or  disc  equipped  with  blades  or  vanes  designed 
to  spin  in  reaction  to  an  air  flow  passing  over  or 
across  the  vanes. 

A  type  of  jet  engine  that  uses  a  gas  turbine 

to  drive  an  air  compressor  and  engine  accessories. 

A  turbojet  engine  designed  to  drive  a  propeller  by 
transmitting  power  through  a  shaft.  A 
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UNPRESSURIZED  RANGE 

VACUUM 
VACUUM  PUMP 
VALVE 

VALVE,  AIR  CONDITION 
SYSTEM  SHUT  OFF 

VALVE,  ANTI-G  SUIT 

VALVE,  BLEED  AIR  PRESS. 
REGULATOR  &  SHUT  OFF 

VALVE,  BUTTERFLY 

VALVE,  BYPASS 

VALVE,  C02  DIRECTIONAL 

VALVE,  C02  TRIGGER 
RELEASE 

VALVE,  C02  QUICK 
RELEASE  DISCHARGE 

VALVE,  FLOW  CONTROL  & 
SHUTOFF 

VALVE,  RAM  AIR 
VALVF,  SAFETY  RELIEF 


Applicable  to  aircraft  pressurization,  the  range 
of  altitudes  where  both  the  aircraft  altitude  and 
cabin  altitude  nre  equal. 

-V- 

A  reduction  of  pressure  below  atmospheric  pressure; 
usually  stated  in  inches  of  mercury. 

A  pump  for  exhausting  a  system.    A  pump  designed  to 
produce  a  vacuum  in  a  closed  system  or  vessel. 

Any  device  such  as  a  swirling  plate,  hinged  lid,  plug, 
or  ball  through  which  the  flow  of  gas  or  liquid  may 
be  checked,  stopped,  started,  or  regulated. 

A  device  used  to  stop  and  start  the  flow  of  engine 
bleed  air  to  the  air  conditioning  system. 

A  device  that  regulates  the  pressure  going  to  the 
anti-G  suit  and  stops  and  starts  the  air  flow  going 
to  the  suit. 

A  device  that  starts  and  stops  the  flow  of  engine 
bleed  air  going  to  the  air  conditioning  system  and 
regulates  the  pressure. 

Usually  a  round  type  valve  with  aa  upper  and  lower 
bearing. 

A  passage  for  air  to  go  around  a  unit. 

Used  on  aircraft  fire  extinguisher  installations  to 
direct  the  CO^  to  the  desired  engine. 

Used  on  portable  CO^  fire  extinguishers  to  start  and 
stop  flow  of  C02  at  will. 

Used  on  C02  fire  extinguishers  to  release  the  C02; 
this  valve,  once  opened,  will  be  held  open  constantly 
and  cannot  be  shut  off. 

A  device  used  on  some  aircraft  air  conditioning  systems 
that  operates  as  both  a  shut  off  valve  and  an  air  flow 
control  valve. 

Allows  air  to  enter  the  cabin  directly  from  the  outside 

A  valve  designed  to  relieve  the  pressure  from  a 
vessel  or  system  whenever  the  pressure  exceeds  the 
setting  of  the  valve. 
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VALVE,  SLIDING  GATE 

VALVE,  SPOON 

VALVE,  WATER  SEPAPATOR 
BYPASS 

VALVE,  VACUUM  RELIEF 

VAPOR 
VAPORIZE 

VARIABLE  AREA  NOZZLE 
VELOCITY 

VENTILATION 
VENTURI 

VENTURI  TUBE 

VOLATILE 

VOLATILITY 

VOLUME 

WALK  AROUND  OXYGEN 
BOTTLE 

WARNING  LIGHTS 


Used  In  low  pressure  systems;  consists  of  n  ptoec  of 
metal  that  slides  to  open  or  close  the  opening  In 
the  duct  or  valve. 

Usually  a  round  valve  with  2  upper  bearings  and  no 
lower  bearing. 

A  pneumatically  operated  valve  that  opens  when  the 
water  separator  becomes  plugged  or  frozen  to  allow 
conditioned  air  to  bypass  the  separator  and  enter  the 
cockpit  area. 

Applicable  to  aircraft  pressurization;  a  valve  that 
prevents  outside  atmospheric  pressure  from  exceeding 
inside  the  cabin  pressure.     Valve  will  open  to  allow 
high  outside  pressure  to  equalize  the  pressure  inside. 

Any  substance  in  its  gaseous  state. 

1-To  convert  something  into  a  gaseous  state,  as  through 
spraying  or  heating  a  liquid.  2~0f  a  liquid  to  go  into 
a  gaseous  state. 

A  nozzle  the  opening  of  which  is  a  variable  size. 

1-Speed.     2-Speed  or  rate  of  motion  in  a  given  direction 
and  in  a  given  frame  of  reference. 

The  process  of  moving  air  through  the  cabin  area.  j 

1-A  venturi  tube.     2-A  device  used  to  control  the  flow 
of  air  in  an  air  conditioning  system. 

A  short  tube  with  a  constricted  throat  which,  when  placed 
in  a  fluid  flow  parallel  to  the  flow,  brings  about  an 
increase  in  flow  velocity  at  the  throat  with  a  consequent 
reduced  pressure  within  the  fluid  at  the  throat. 

Easily  passing  away  by  evaporation. 

The  quality  or  property  of  a  liquid  for  evaporating. 

Amount  of  space  included  by  the  bounding  surface  of  an 
object . 

-W- 

A  carry  around  oxygen  bottle. 


A  system  of  lights  that  illuminate  to  give  the  pilot 
warning  of  a  malfunctioning  system. 
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WATER  BOILER 


WATER  SEPARATOR 


WICK 


A  type  of  heat  exchanger  that  uses  water  as  the  cooling 
agent;  heat  energy  is  transferred  from  the  engine  bleed 
air  to  the  water  causing  the  water  to  boil  and  evaporate, 

A  device  in  an  aircraft  air  conditioning  system  designed 
to  remove  the  water  condensed  in  the  air  as  a  result  of 
refrigeration. 

Pertaining  to  a  turbine  used  for  cooling;  allows  oil  to 
flow  to  the  blanket  by  absorption. 


WING  ROOT 


The  very  base  of  an  airplanes  wing,  where  it  joins  and 
is  faired  into  the  fuselage. 


9 

ERIC 


25 


19.9 


SECTION  III.     ELECTRICAL  TERMS  DEFINITIONS 


A-C  Generator 

Adjustable  Resistor 
Admittance  (Y) 

Air  Gap 

Alnico 


Alternating  Current  (AC) 


Alternation 


Alternator 

Alternator,  Three-Phase 
Anne  ter 

Ampere  (Amp,  I A) 

Ampere-Hour  (AH) 
Ampe re-Hour  Capacity 

Ampere-Turn 


Amplifi  cation 


Rotating  electrical  machine,  generally  known  as  an 
alternator  that  converts  mechanical  power  into 
alternating  current. 

Resistor  whose  resistance  can  be  changed  mechanically. 

The  measure  of  the  ease  with  which  an  alternating 
current  flows  in  a  circuit. 

The  space  becween  any  two  iron  or  steel  elements  in  a 
magnetic  circuit. 

An  alloy  of  iron  with  aluminum,  nickel  and  cobalt 
having  magnetic  prooerties  such  that  it  can  be  used 
to  produce  an  extremely  strong  magnet  with  relatively 
small  mass. 

Current  periodically  changing  direction  and  constantly 
changing  magnitude. 

A  term  used  to  signify  that  part  of  the  change  in  an 
alternating  current  during  which  it  rises  from  zero 
to  maximum  and  back  to  zero  again.    Half  of  one 
complete  cycle. 

An  alternating  current  generator. 
Produces  3  voltages  120°  apart. 

An  instrument  for  measuring  current,  with  a  scale 
graduated  Lo  read  directly  in  amperes. 

A  praccical  unit  of  current.    The  amount  of  current 
flowing  through  one  ohm  resistance  at  the  pressure 
of  one  volt. 

A  current  of  one  ampere  flowing  for  one  hour.  Term 
used  in  rating  storage  batteries. 

The  amouiit  of  current  a  battery  can  provide  for  one 
hour.     Theoretically,  a  battery  rated  at  100  ampere- 
hours  will  furnish  100  amperes  for  1  hour,  or  50 
amperes  for  2  hours,  or  5  amperes  for  20  hours. 

The  magnetizing  force  produced  by  one  ampere  of 
current  flowing  through  one  turn  of  a  coil  in  an 
electromagnet . 

A  process  whereby  a  small  fluctuating  signal  voltage 
or  current  is  stepped  up  to  a  value  many  times  greater 
than  its  original  strength. 
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Amplification  Factor  (u) 


Amplifier 


Amplitude 

Angle 

Anode 

Apparent  Power  (AP) 
Armature 


Arc 

Armature  Core 
Armature  Reaction 
Atom 

Attraction 


A^  lomatic  Circuit 
Breaker 


A  vacuum  tube  rating  indicating  the  maxirum  increase 
in  signal  strength  which  can  be  provided  by  a  given 
tube.     It  is  the  ratio  of  a  small  plate  voltage  change 
to  a  small  grid  voltage  change  which  would  produce  the 
same  change  in  plate  current. 

A  device  used  to  increase  the  signal  voltage,  current 
or  power.     It  is  generally  composed  of  a  vacuum  tube 
and  associated  circuits  called  a  stage.    It  may  contain 
several  stages  in  order  to  obtain  a  desired  gain. 

The  maximum  value  of  the  displacement  from  the  zero 
position. 

The  space  between  intersection  lines;  the  ratio 

between  the  arc  and  the  radius  of  the  arc. 

A  positive  electrode,  such  as  the  plate  of  the 
vacuum  tube. 

The  product  of  source  voltage  and  source  current  in 
an  alternating  current  circuit.  Expressed  in  volt- 
amperes  • 

As  applied  to: 

Motors  or  DC  Generators  -  It  refers  to  the  movable 
or  rotating  part,  consisting  essentially  of  coils  of 
wire  around  an  iron  core. 

Alternators  -  The  circuit  which  contains  the 
conductors  that  have  the  EMF  induced  in  them  nncl 
that  are  in  series  with  the  load. 

Relays  -  The  moving  portion  of  a  magnetic  circuit. 

A  discharge  of  electricity  through  a  gas. 

Assembly  of  laminations  forming  the  magnetic  circuit 
of  the  armature . 

Reaction  between  the  magnetic  flux  of  the  armature 
and  that  of  the  main  magnetic  field. 

One  of  the  minute  particles  of  which  the  universe  is 
composed;  a  natural  group  of  electrons,  protons  and 
neutrons .  * 

The  force  that  tends  to  make  two  objects  approach  each 
other.     Attraction  exists  between  two  unlike  magnetic 
poles  and  between  two  unlike  static  charges. 

Device  that  automatically  opens  a  circuit,  usually 
through  electromagnetic  means,  when  the  circuit 
exceeds  a  safe  value. 
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Au  to  t  rans  f  o  rmer 


Average  Value 


Back  Klectromotive  For^e 

llaihsst  Resistance 
Barrier  Layer 
Battery 
Bias 

Bias  Resistor 

IMmetnllic 
Bleeder 


B-power  Supply 
Bonding 

Breadboard 

Breakdown  Voltage 


A  transformer  having  one  continuous  winding.     A  part 

of  this  winding  is  used  for  both  the  primary  and 
secondary  coil. 

That  value  obtained  by  adding  unit  values  and  dividing 

the  sum  by  the  number  of  units.    The  average  value  for 

half  a  cycle  of  AC  is  .636  times  the  maximum  or  peak 
value. 


The  counter  EMF  of  any  system  is  the  effective  KMF 
within  the  system  which  opposes  the  passage  of  current 
in  a  specified  direction. 

A  steadying  resistance  used  to  limit  variations  of 
current  in  a  circuit. 

Surface  cf  contact  between  a  metal  and  semiconductor. 
It  acts  as  a  rectifier  of  alternating  currents. 

A  device  for  converting  chemical  energy  into 
electrical  energy. 

A  fixed  voltage,  usually  negative,  applied  to  the  grid 
of  a  vacuum  tube  so  that  it  operates  along  a  certain 
portion  of  its  characteristic  curve. 

A  resistor,  placed  in  grid,  cathode  or  plate  circuit, 
which  supplies  a  grid  bias  proportional  to  current 
passing  through  it. 

Always  made  up  of  two  unlike  metals. 

A  resistance  connected  in  parallel  with  a  power-supply 
output  to  protect  equipment  from  excessive  voltages 
if  the  load  is  removed  or  reduced,  to  improve  the 
voltage  regulation  and  to  drain  the  charge  remaining 
in  the  filter  capacitors  when  the  unit  is  turned  off. 

Power  source  which  supplies  positive  voltage  for  other 
electrical  devices. 

Connecting  the  metal  parts  of  the  aircraft  with  flexible 
conductors,  so  that  all  parts  will  have  the  same 
voltage  or  potential. 

In  electronics,  an  arrangement  in  which  components 
are  fastened  temporarily  to  a  board  or  chassis  for 
experimental  purposes. 

1.  Voltage  at  which  an  insulator  or  dielectric 
ruptures . 

2.  Of  a  semiconductor  diode,  the  voltage  measured 
at  a  specified  current  in  the  breakdown  region. 
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1ST 

Bridge  Circuit 


Bridge  Rectifier 


Brush 


Bus  Bar 


A  network  in  which  the  output  indicating  device  or  the 
load  is  bridged  across  intermediate  points  of  the  two 
parallel  elements  across  which  the  input  voltage  is 
applied. 

Full-wave  rectifier  with  four  eleraontH  connected  in  n 
bridge  so  that  direct  voltage  is  obtained  from  one 
pair  of  opposite  Junctions  when  alternating  voltage 
is  applied  to  the  other  pair. 

A  metal  or  carbon  block  used  to  make  contact  with  a 
rotating  or  other  moving  part  in  an  electrical  circuit. 

Heavy  metal  bars  used  to  carry  current.    The  wires  of 
several  circuits  may  be  connected  to  one  bus  bar  or 
one  terminal. 
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Process  of  comparing  an  instrument  or  device  with  a 
standard  to  determine  its  accuracy  or  to  devise  a 
corrected  scale. 

That  property  of  a  system  of  conductors  and 
dielectrics  which  permit  the  storage  of  electrical 
energy  in  an  electrostatic  field  between  the  con- 
ductors; unit  of  measurement  is  the  Farad. 

Capacitive  Reactance  (X  )  Th*  opposition  which  a  condenser  offers  to  AC  or 

C    pulsating  DC.     It  is  expressed  in  ohms. 


Calibration 


Capacitance  (C) 


Capacitor 


Capacity 
Cathode  (K) 

Cell 


ERLC 


A  system  consisting  of  two  conductors  of  considerable 
surface  separated  by  a  comparatively  thin  dielectric, 
thus  possessing  an  appreciable  capacitance .  An 
electrical  device  or  unit  designed  especially  to 
have  the  quality  of  capacitance  (condenser). 

See  capacitance. 

Negative,  or  the  electron  emitting  electrode  of  a 
vacuum  tube.  & 

A  single  un^t  capable  of  serving  as  a  DC  voltage 
source;  also  a  single  rectifier  unit. 

Dry  Cell  -  Composed  of  an  outer  shell  of  zinc,  an 
electrolyte  of  paste  and  a  carbon  rod  in  the  center. 

Primary  Cell  -  Commonly  called  "dry  cell,"  battery 
that  cannot  be  recharged  due  to  a  ncuLevers ible 
chemical  reaction  that  takes  place  between  the  plates 
and  the  electrolyte  when  the  cell  is  in  use. 
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Characteristic 
Charge 


Charged  Bodies 
Choke  Coil 

Circuit 

Circuit  Breaker 
Circuit  Diagram 


Secondary  Cell  -  A  battery  cell  that  can  be  recharged 
by  reversing  the  current  flow  through  the  battery. 

WejtJJell  -  A  case  containing  lead  coated  plates  and  a 
]  (.quia  electrolyte. 

A  distinguishing  trait,  quality  or  property. 

The  act  of  oupplying  electrical  energy  to  a  metal 
object,  a  condenser  or  a  storage  battery.     When  an 
object  hao  more  electrons  than  normal,  it  has  a 
negative  charge.    When  it  has  less  electrons  than 
normal  the  object  has  a  positive  charge. 

Bodies  with  an  excess  or  deficiency  of  electrons. 

A  coil  used  to  impede  the  flow  of  pulsating  current 
or  alternating  current  by  means  of  its  self"" 
inductance. 

A  closed  path  usually  including  a  source  of  volcage. 

An  automatic  switch  which  opens  a  circuit  under 
abnormal  conditions  such  as  an  overload.     It  also 
may  be  "trioped"  or  opened  by  hand. 

Schematic  drawing  of  the  electrical  connections  of 
a  device. 


Coil 

Coil,  Toroidal 
Cold  Cathode 

Collector 

Collector  Junction 


Collector  Rings 


Corrmnjt  at  ion 


A  number  of  turns  of  wire  wound  on  an  iron  core  or  a 
number  of  turns  of  wire  wound  on  a  form  of  insulating 
material . 

A  coil  wound  in  the  shape  of  a  doughnut. 

A  type  of  cathode  which  does  not  require  heat  to 
emit  electrons. 

In  a  transistor,  an  electrode  through  which  a  primary 
flow  of  carriers  leaves  tPe  interelectrode  region. 

In  a  transistor,  a  junction  normally  biased  in  the 
high  resistance  direction,  through  which  the  current 
cap  be  controlled  by  the  introduction  of  minority 
carriers . 

"Sliprings11  -  a  contact  ring  for  making  connection 
through  brushes  between  a  winding  on  a  rotating  part 
of  a  machine  or  apparatus  and  an  external  circuit. 

The  process  of  converting  alternating  current  which 
flows  in  the  armture  of  a  DC  generator  to  DC. 
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Commutator 

Commutator  Ripple 

Component 

Condenser 
Conductance  (G) 

Conductor 

Contact 

Contactor 
Continuity  y 
Control  Grid  (G) 

Control  Panel 

Copper-oxide  Rectifier 
Core 


Coulomb  (Q) 


Counter  Electromotive 
Force 


A  drum  buiit  up  of  insulated  segments  connected  to  the 
armature  winding  of  a  generator  or  motor  to  or  from 
which  current  is  taken  by  the  brushes. 

Small  periodic  variations  in  voltage  and  current 
output  of  a  DC  generator  caused  by  passage  of 
brushes  over  individual  commutator  segments. 

A  functional  part  of  a  subsystem  or  electrical 
circuit  which  is  essential  to  the  operational 
completeness  of  the  subsystem  of  circuit. 


See  capacitor. 

The  ease  wich  which  a  conductor  passes  crrrent 
reciprocal  of  resistance.     Expre**  <hms. 


The 


Any  material  which  possesses  an  appreciable 
proportion  of  free  electrons  and  therefore  permits 
a  current  to  pass. 

Part  of  an  equipment  designed  to  touch  a  similar 
part  to  permit  current  to  flow,  or  designed  to  break 
this  union  to  cause  current  Lo  cease. 

A  device  for  repeatedly  establishing  and  inter- 
rupting an  electric  circuit. 

The  property  of  having  a  complete  or  continuous 
electrical  path. 

The  electrode  of  a  vacuum  tube,  other  than  a  diode, 
upon  which  the  signal  voltage  is  impressed  in  order 
to  control  the  plate  current. 

A  panel,  open  or  closed,  where  switches,  rneostats, 
meters,  etc.,  are  installed  for  controlling  and 
protecting  electrical  machinery. 

A  metallic  rectifier  made  of  alternate  layers  of 
one  cr  more  discs  of  copper  cn  copper-oxide. 

.Magnetic  material  placed  within  a  coil  to  increase 
the  magnetic  intensity  of  the  magnetic  fie1^. 
Magnetic  material  inside  a  relay  or  inductor  coil 
windingj. 

A  quantity  of  electricity;  the  number  of  electrons 
passing  a  point,  in  a  given  conductor  when  one 
ampere  fir's  for  one  second. 

A  voltage  (CEMF)  induced  in  a  coil  or  conductor  of 
opposite  direction  to  the  applied  voltage. 
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Current  (1) 
Current  Limiter 


Movement  jf  electrons  as  measured  in  amperes 


3oo 


Cycle  ( 


or  c) 


D'Arsonval  Movement. 

D-C  Generator 
D-C  Resistance 

De energize 

Delta 

Density 

Depletion  Layer 

Dielectric 
Dielectric  Constant 


Diode  Tube 


Direct  Current  (DC) 


Direct  Current  Generator 


Di  scharge 


An  electrical  device  vised  to  limit  the  current  flow 
in  a  circuit. 

One  complete  set  of  recurring  events  which  takes 
place  periodically. 

-D- 

The  mechanism  of  a  permanent-magnet-moving  coil 
instrument. 

(See  Direct  Current  Generator). 

Opposition  to  the  flow  of  direct  current  offered  by 
a  circuit  or  body. 

To  stop  the  flow  of  current  in  a  circuit,  or  remove 
the  voltage  in  a  circuit,  as  by  opening  a  switch. 

Method  of  connecting  the  stator  windings  in  a  3  (J 
motor  o~  generator. 

Concentration  of  anything;  quantity  per  unit  volume. 

In  a  semiconductor,  a  region  in  which  the  mobile 
carrier  charge  density  is  insufficient  to  neutralize 
the  net  fixed  charge  density  of  donors  and  acceptors. 

A  nonconducting  material. 

A  numeral  which  describes  the  effectiveness  of  a 
dielectric.     It  compares  the  capacity  of  a- condenser 
using  dielectric  with  that  of  an  otherwise  identical 
condenser  using  air  as  a  dielectric.    Air  has  a 
dielectric  constant  of  one. 

A  two-element  tube  having  cathode  and  plate.  Used 
mostly  as  a  rectifier.    A  diode  allows  electrons  to 
pass  in  only  one  direction,  from  cathode  to  plate. 

Current  which  is  constant  in  uirection. 

Pulsating  DC  -  Current  which  varies  or  fluctuates  in 
value,  but  flows  in  only  one  direction. 

Rotating  electrical  machine  which  converts  mechanical 
power  into  D-C  power. 

1.     Release  of  stored  up  energy.    2.     In  a  storage 
battery,  the  conversion  of  the  chemical  energy  of  the 
battery  into  electrical  energy. 
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Dropping  Resistor 

Effective  Current 
Effective  Value  (RMS) 
Effective  Voltage 
Electrical  Charge 

Eleccrical  Degrees 

Electricity 
Electrode 

Electrolyte 

Electrolytic  Capacitor 

Electromagnet 
Electromagnetic  Field 


Resistor  used  to  decrease  a  given  voltage  to  a 
lever  value. 

-E- 

That  value  of  alternating  current  which  will  cause 
the  same  effect  as  a  given  value  of  direct  current. 
It  is  equal  to  .707  times  maximum  or  peak  value. 

The  value  of  AC  which  has  the  same  effect  as  the 
corresponding  value  of  DC.  For  a  sine  curve  the 
effective  value  is  .707  times  the  maximum  value. 

That  value  of  alternating  voltage  which  will  cause 
the  same  effect  as  a  given  value  of  DC  voltage. 
It  is  equal  to  .707  times  maximum  or  peak  value. 

The  quantity  of  electricity  on  (or  in)  a  body  is  the 
excess  of  one  kind  of  electricity  over  the  other  kind. 
A  plus  sign  (+)  indicates  that  the  positive  is  in 
excess,   a  negative  sign  (-)  indicates  that  the 
negative  is  in  excess. 

A  measurement  of  time  in  an  electrical  cycle.  One 
degree  ■  1/360  of  a  cycle.    At  60-cycle  frequency, 
1  degree  =»  1/21,  600th  of  a  second.    The  actual 
length  of  time  represented  by  the  amount  of  electricity 
produced  and  shown  in  electrical  degrees  with  respect 
to  mechanical  degrees  and  time. 

A  form  of  energy  due  to  the  separation  and  independent 
movement  of  certain  pr        of  atoms  called  electrons. 

A  solid  conductor  by  which  a  current  passes  to  or  from 
a  liquid  or  gas  to  another  solid  conductor  of  different 
material . 

The  liquid  or  chemical  paste  which  is  used  between  the 
plates  in  a  battery  or  dry  cell. 

Capacitor  which  is  comprised  of  two  plates  separated 
by  an  electrolyte.    Under  the  action  of  the  applied 
DC  voltage,  a  film  of  hydrogen  gas  is  formed  on  one 
plate,  and  it  is  this  film  which  is  the  electrolyte. 
This  type  of  construction  makes  it  possible  to 
concentrate  large  values  of  capacitance  in  relatively 
small  space.  * 

A  magnet  produced  by  the  flow  of  an  electric  current 
through  an  associated  coil. 

Field  of  influence  which  an  electric  current  produces 
around  the  conductor  through  which  it  flows.  Magnetic 
field  resulting  from  the  flow  of  electricity. 
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Electromagnetic  Induction  Production  o£  a  voltage  in  a  coil  due  to  a  change  in 

the  number  of  magnetic  lines  of  force  passing  through 
the  coil. 


Electromotive  Force 
(emf) 


Electron 
Electron  Drift 


Electron  Emission 
Electron  Theory 
Electrostatic 
Electrostatic  Charge 
Electrostatic  Field 


That  force  which  tends  to  cause  an  electric  current 
or  electron  flow  by  producing  a  difference  of 
potential. 

The  elementary  charge  of  negative  electricity. 

Actual  movement  of  electrons  in  a  definite  direction 
through  a  conductor  during  current  flow,  as  contrasted 
from  transfer  of  energy  from  one  elertron  to  another 
by  collision. 

The  liberation  of  electrons.    As  from  the  cathode 
of  a  vacuum  tube. 

The  theory  which  explains  all  electrical  phenomena 
by  the  independent  movement  of  electrons. 

Pertaining  to  electricity  at  rest,  such  as  charges 
on  an  object. 

Electric  charge  stored  on  a  capacitor  or  on  an 
insulated  body. 

Field  of  force  between  two  electrically  charged 
bodies . 


Element 


Emitter 


1.     Substance,  in  chemistry,  that  cannot  be  divided 
into  simpler  substances  by  any  means  ordinarily 
available.     2.    Of  a  semiconductor  device,  any 
integral  part  of  the  semiconductor  device  that 
contributes  to  its  operation. 

a  transistor,  a  region  from  which  charge  carriers* 
that  are  minority  carriers  in  the  base  are  injected 
into  the  base. 


Emitter  Junction 


In  a  transistor,  a  junction  normally  biased  in  the 
low-resistance  dirertion  to  inject  minority  carriers 
into  the  base. 


Energy 


Er>srg 


ize 


Excess  Electron 


The  capacity  for  performing  work.    Energy  of  motion 
is  kinetic  energy.    Ener^of  a  stationery  or  static 
form  is  called  potential  energy.     Energy  cannot  be 
created  or  destroyed  but  may  change  its  form. 

Supply  power  necessary  to  provide  normal  and 
effective  operation.  * 

An  electron  introduced  into  a  semiconductor^  by  a  donor 
impurity  and  available  to  promote  conductio^. .  JVn 
excess  electron  is  not  required  to  complate  the  bond 
structure  of  the  semiconductor. 
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Excitation 
Exci  ter 

External  Resistance 
Farad  (f) 

Field  (Electric  or 
Magnetic) 

Field  Coil 
Field,  Differential 
Field  Distortion 
Field  of  Force 

Field  Pole 
Field  Windings 

Filament 
Filter 

Fixed  Bias  or  Grid  Bias 

s 

Fixed  Capacitor 


Excitation  of  an  alternator  is  the  resultant  of  the 
magnetic  lines  from  the  exciting  source  and  magnetic 
line9  of  force  set  up  by  the  load  current  through  the 
armature . 

A  direct  current  generator  supplying  current  for 
excitation  of  one  or  more  other  machines. 

Resistance  that  is  connected  externally  between  the 
terminals  of  a  battery  or  other  power  source. 

-F- 

The  unit  of  electrostatic  capacity.    A  condenser 
possessing  the  capacity  of  one  farad  will  allow  one 
coulonb  of  electrons  to  flow  upon  its  plates  when 
the  potential  of  one  volt  is  applied  for  one  second. 

A  term  used  to  indicate  a  region  where  magnetic  or 
electrostatic  forces  are  exerted. 

A  suitable  insulated  winding  to  be  mounted  on  a  field 
pole  to  magnetize  it. 

Field  which  has  the  series  and  shunt  coils  connected 
to  oppose  each  other. 

Undesired  shift  in  the  fields  between  the  N  and  S 
pole  due  to  CEMF  in  the  armature  windings. 

Term  used  to  describe  to  total  force  exerted  by  an 
action-at-a-distance  phenomenon  such  as  gravity  upon 
matter,  electric  charges  acting  upon  electric  charges, 
magnetic  forces  acting  upon  other  magnetics  or 
magnetic  materials. 

Magnetic  material  on  which  field  coils  may  be  mounted. 

The  coil  of  an  electromagnet  used  to  supply  the 
magnetic  field  in  motors  and  generators. 

T^e  wire  through  which  current  is  sent  in  a  vacuurf 
t  je.  or  a  light  bulb  to  utilize  the  heat  given  off 
due  to  the  current  flow. 

Any  system  of  inductance,  capacitance  and  resistance 
which  is  used  to  smooth  the  pulsations  of  DC  from  a 
1  rectifier  or  commutator. 

A  bias  voltage  of  constant  value,  such  as  one 
obtained  from  a  battery,  or  other  DC  power  supply. 

Capacitor  having  definite  capacitance  value  that 
cannot  be  adjusted. 
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Fixed  Resistor 
Flow 

Fluorescence 
Flux  (    *  ) 

Flux  Density 
Force  (F) 

Forward  Current 

Forward  Direction 

Free  Electrons 

Frequency  (f) 


Frequency  -  »  #  of  pole9 
2 

Frequency  Meter 


Full-Wave  Rectifier 


Fuse 


Soy 

Resistor  having  a  definite  resistance  that  cannot 
be  adjusted. 

Passage  of  electrons  (a  current)  through  a  conductor 
or  through  space  between  electrodes. 

Light  given  off  as  a  result  of  electron  bombardment . 

A  general  term  used  to  designate  collectively  all 
the  electric  or  magnetic  lines  o'f  force  in  st  region. 

The  number  of  lines  of  force  per  unit  area. 

That  which  tends  to  change  the  state  of  rest  or 
motion  of  matter. 

Current  which  flows  upon  application  of  a  forward 
voltage . 

In  a  semiconductor  diode,  the  direction  of  lower 
resistance  to  the  flow  of  steady  direct  current. 

Electrons  which  are  not  bound  to  a  particular  atom, 
and  ute  free  to  move  under  the  influence  of  an 
electric  field. 

The  number  of  complete  cycles  which  an  alternating 
EMF  or  current  executes  in  one  second.  Generally, 
the  number  of  recurring  events  in  a  given  period 
of  time. 

X  RPM 
60 

A  meter  used  to  indicate  the  number  of  cycles  per 
second  of  an  alternating  current. 

Rectifier  arranged  so  that  current  is  allowed  to 
pass  in  the  same  direction  to  the  load  circuit  during 
each  half  cycle  of  the  alternating  current  supply. 

A  wire  strip  or  bar  of  metal  designed  to  melt  or  to 
interrupt  the  circuit  when  a  predetermined  current 
is  exceeded. 


-G- 


Gain 


Galvanometer 


Ratio  of  output  to  input  voltage,  current,  or  power, 
usually  expressed  in  decibels. 

A  D'Arsonval-type  meter  used  for  measuring  or 
indicating  extremely  small  electric  currents.  Its 
scale  usually  indicates  relative  deflection,  and 
the  actual  current,  voltage  or  charge  value  must  be 
calculated. 
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Generator 


A  machine  for  the  conversion  of  mechanical  energy 
into  electrical  energy. 


Graph 


Grid 

Grid  Bias 
Grid  Current 

Ground 

Ground  Potential 
Grounded 

Growler 


Half-Wave  Rectifier 


Heat  Sink 
Heater  (H) 
Henry  (h) 

Hertz  (Hz) 
Hole 

Hole  Current 


Pictorial  presentation  of  the  relation  between  two 
or  more  variable  quantities,  such  as  between  an 
applied  voltage  and  Lhe  current  it  produces  in  a 
circuit. 

A  tube  element  in  the  form  of  a  metallic  mesh  or 
screen  through  which  electrons  pass  under  control 
of  a  potential  applied  to  the  grid. 

See  fixed  bias . 

The  current  passing  to  or  from  a  grid  through  the 
space  inside  a  vacuum  tube;  measured  in  the  input 
circuit. 

A  connection,  intentional  or  accidental,  between  an 
electrical  circuit  and  the  earth,  some  conducting 
body,  or  chassis  serving  in  place  of  the  earth. 

Zero  potential  with  respect  to  ground  or  earth. 

Connected  to  earth  or  to  some  conducting  body  which 
serves  as  earth . 

Test  equipmert  used  to  check  motors  and  generators 
for  opens,  shorts  and  grounds. 

-H- 

A  nonlinear  device  used  to  rectify  alternating  current 
into  direct  current.    Only  one-half  of  the  input  cycle 
is  rectified,  the  output  being  a  pulsating  direct 
current » 

A  device  for  the  absorption  or  transfer  of  heat  away 
from  a  critical  part  or  parts. 

An  electric  heating  element  for  supplying  heat  to  an 
indirectly  heated  cathode. 

The  unit  of  inductance.    A  circuit  has  an  inductance 
of  one  henry  when  the  current,  changing  at  the  rate 
of  one  ampere  per  second,  induces  one  volt  CEMF. 

A  unit  of  frequency  equal  to  one  cycle  per  second. 

A  mobile  vacancy  in  the  electronic  valence  structure 
of  a  semiconductor  which  acts  as  a  positive  charge 
with  a  positive  mass. 

The  current  in  a  semiconductor  associated  with  apparent 
positive  charges  designated  as  holes. 
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Horizontal 
Horsepower  (hp) 

Horseshoe  Magnet 

Hot 

Hydrometer 

Hypotenuse 
Hysteresis 


Hysteresis  Loss 


Impedance  (Z) 
Impurity 

Impuri  ty,  Acceptor 
Impurity,  Donor 

Induced 

Induced  Current 

Induced  Electromotive 
Force 


Perpendicular  to  the  direction  of  gravity 
direction  of,  or  parallel  to,  the  horizon. 


A  unit  of  electrical  power  equivalent  to  the  amount 
of  power  in  a  mechanical  horsepower.  Electrically, 
one  horsepower  equals  746  watts. 

Permanent  magnet  or  electromagnet  bent  in  the  shape 
of  a  horseshoe  or  having  a  U  shape  so  as  to  bring 
the  pole  together. 

Connected,  alive,  energized;  pertains  to  terminal 
or  any  ungrounded  conductor.    Not  grounded. 

An  instrument  used  to  determine  the  specific  gravity 
of  the  liquid  of  a  storage  battery;  hence,  the  state 
of  charge  of  the  batte 

The  side  opposite  the  90°  angle  of  a  right  triangle. 

Magnetic  hysteresis  occurs  when  a  magnetic  siistance 
is  subjected  to  a  varying  magnetic  field  and  is  due 
to  intennolecular  friction  which  is  a  form  of  power 
loss  in  electromagnets  in  the  form  of  heat,  generally 
a  lag.    Dielectrics  are  also  subjected  tp  a  varying 
electric  field  causing  heat  in  the  dielectric. 

Power  loss  in  an  iron  core  transformer  or  other 
alternating  current  device  due  to  a  magnetic 
hysteresis . 

-I- 

The  total  opposition,  measured  in  ohms,  offered  to 
passage  of  alternating  current  by  the  resultant  of 
resistance  and  capacitive  and  inductive  reactance. 

An  atom  in  a  crystal  which  is  foreign  to  the  crystal. 
An  imperfection  that  is  chemically  foreign  to  the 
perfect  crystal. 

In  semiconductors,  an  impurity  which  may  induce  holes. 

In  semiconductors,  an  impurity  which  may  induce 
electronic  conduction. 

Produced  as  a  result  of  exposure  to  the  influence  or 
variation  of  an  electric  or  magnetic  field. 

Current  due  to  an  induced  voltage. 

The  electromotive  force  induced  into  a  conductor  due 
to  the  relative  motion  between  the  conductor  and  the 
magnetic  field. 
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SLOT 

Inductance  (L) 


Induct  ioc^ 


x 


ndu/tlon  Motor 


Inductive  Circuit 


The  physical  property  of  a  circuit  which  tends  to 
oppose  a  change  in  current  flow* 

Magnetic  Induction  -  When  a  material  is  placed  in  a 
magnetic  field  it  has  magnetism  induced  into  it. 

Self-Induction  -  The  production  of  a  counter- 
electromotive  force  in  a  conductor  when  its  own 
magnetic  field  collapses  or  expands  with  a  change 
in  current  in  the  conductor. 

Mutual  Induction  -  (Transformer  Action)  -  As  current 
is  varied  in  a  conductor,  a  second  conductor  parallel 
to  the  first  will  have  an  EMF  induced  into  it. 

Note:    The  more  nearly  parallel,  the  greater  the 
EMF  induced.     If  the  conductors  are  at  right  angles 
no  voltage  will  be  induced. 

Electromagnetic  Induction  -  (Generator  Action)  - 
When  a  conductor  and  a  magnetic  field  have  relative 
motion,  a  voltage  is  induced  into  the  conductor. 
A  voltage  is  induced  if  either  the  conductor  or  the 
field  is  moved.    The  conductor  must  be  moved  other 
than  parallel  to  the  lines  of  force. 

AC  motor-rotation  achieved  by  reaction  of  main 
magnetic  field  artd  the  magnetic  field  of  the  induced 
current  in  the  rotor.  . 

Circuit  containing  a  greater  amount  of  inductive 
reactance  than  capacitive  reactai^e. 


Inductive  Reactance  (3^)    The  opposition  to  the  flow  of  alternating  or 

pulsating  current  caused  by  the  inductance  of  a 
conductor.         is  measured  in  ohms. 


Inductor 


In  Phase 


Input 


A  coil.    A  wire  lying  in  an  armature  slot  and  forming 
part  of  a  coil.    That  part  of  a  wire  which  moves  in 
a  magnetic  field  and  in  which  an  electric  current 
or  pressure  is  induced.    The  careless  practice  of 
using  the  word  conductor  for  inductor  shoi'ld  be 
avoided* 

Describing  a  erudition  in  which  two  or  more 
fluctuating  components  such  as  an  AC  voltage  and 
current  attain  maximum  values  simultaneously  in  the 
same  direction. 

1."    Current,  voltage,  power,  or  driving  force  applied 
to  a  circuit  or  device.     2.     Terminals  or  other  places 
where  current,  voltage,  or  power,  or  driving  force 
can  be  applied  to  a  circuit  or  device. 
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ZL08 


Input  Transformer 

Instantaneous  Value 

Insulated  Wire 
Insulation 

Insulator 
Intensity 
Interlock  Switch 

Internal  Resistance 

Interpole 

Inverter 

Ion 

Ionization 

Ionize 

IR  Drop 
I  R  Loss 

Iron  Core  Coil 
Iron  Loss 


Transformer  used  to  transfer  energy  from  a  voltage 
source  to  the  input  of  a  circuit  or  device. 

The  value  of  an  alternating  voltage  or  current  at  a 
given  instant  of  time. 

Conductor  covered  with  a  nonconductive  material. 

A  material  which  has  a  sufficiently  high  resistance 
to  permit  its  use  for  separating  one  electrical 
circuit  or  wire  from  others. 

A  medium  which  will  not  conduct  electricity. 

Relative  strength  of  electric  or  magnetic  energy. 

Safety  switch  which  deenergizes  voltage  when  doors, 
access  covers  or  other  openings  are  opened. 

Resistance  within  a  cell  or  battery  to  the  flow 
of  current. 

Placed  between  the  main  field  poles  of  a  DC  motor 
or  generator  to  reduce  field  distortion. 

A  device  which  chafTg*s  DC  to  AC.     It  consists  of  an 
AC  generator  driven  by  a  DC  motor. 

A  "charged"  atom  or  molecule.    One  that  has  fewer 
or  more  electrons  than  normal. 

The  process  whereby  a  substance  becomes  Ionized. 
Utilized  in  a  gaseous  tube  £o  take  advantage  of  the 
good  current  carrying  characteristics  of  the  Ionized 
gas.    Present  when  insulators  break  down. 

To  make  an  atom  lose  an  electron.    The  atom  which 
loses  the  electron  becomes  a  positive  ion,  the 
gaining  atom  is  a  negative  ion. 

Voltage  drop  produced  across  a  resistance  R  by  the 
flow  of  current  I  through  the  resistor. 

Power  loss  in  transformers,  generators,  connecting 
wires,  and  other  parts  of  a  circuit  due  to  the  flow 
of  current  through  t*  °  resistance  of  the  conductors. 

Coil  in  which  iron  forms  part  or  all  of  the  magnetic 
core,  linking  its  windings. 

Power  loss  occurring  in  iron  cores  of  electric 
machines,  coils,  transformers,  etc.,  due  to  hysteresis 


and  eddy  currents. 
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Jack 
Joule 

Kilo  (K) 

Kilovolt- Amperes  (KVA) 

Kilowatt  (KW) 
Kilowatt-Hours  (KWH) 

Lag 

lagging  Current 

Laminated 
Laminated  Core 

Lav  of  Charges 

Law  of  Electromagnetic 
Induction 


Law  of  Electrostatic 
Charges  (Coulombs  Law) 


-J- 


A  connecting  device  to  which  a  wire  or  wires  of  a 
circuit  may  be  connected. 

A  unit  of  energy  of  work.     In  electricity,  one 
watt-second. 

One  thousand. 

Volt  amperes  divided  by  1,000.    One  KVA  equals 
1,000  volt  amperes. 

Watts  divided  by  1,000.    One  KW  equals  1,000  watts. 

A  measure  of  the  consumption  of  electrical  energy. 
The  unit  of  electrical  energy  equal  to  1,000  watts 
being  consumed  for  one  hour. 

i 

-L- 

Of  two  alternating  electrical  quantities  of  the 
same  frequency  the  one  that  reacts  a  particular 
cyclic  point  later  is  said  to  lag  the  other.  This 
lag  is  expressed  in  electrical  degrees. 

Current  flowing  in  a  circuit  which  lags  voltage 
applied  to  the  circuit. 

Made  of  thin  layers. 

The  core  of  an  armature,  transformer,  etc,  built  up 
of  stamping  of  sheets  of  iron  which  are  insulated 
from  each  other  to  reduce  eddy  currents. 

Like  Charges  repel;  unlike  charges  attract. 

(Faraday's  Law)  Electromotive  force  induced  in  a 
circuit  is  proportional  to  the  change  of  the  flux  of 
magnetic  induction  linked  with  tb circuit.  When 
the  change  in  flux  linkage  is  caused  by  motion, 
relative  to  a  magnetic  field,  of  a  conductor  forming 
a  part  of  an  electric  circuit,  the  electromotive 
force  induced  in  the  circuit  is  proportional  to  the 
rate  at  which  the  conductor  cuts  the  flux  of  * 
magnetic  induction. 

Force  of  attraction  or  repulsion  between  two  charged 
bodies  concentrated  at  two  points  in  an  isotropic 
medium  is  proportional  to  the  produce  of  their 
magnitudes  and  is  inversely  proportional  to  the 
square  of  the  distance  between  them. 
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Law  of  Magnetism 
Lead  (Material) 
Lead  (Theoretical) 


Leading  Current 
Leakage 
*  Left-Hand  Rule 


Lenz's  Law 


Linear 
Line  Drop 

Lines  of  Force 

Line  Voltage 
Load 


Like  poles  repel;  unlike  poles  attract.  9.10 

A  term  given  to  a  wire  or  conductor. 

Of  two  alternating  electrical  quantities  of  the 
same  frequency,  the  one  that  reaches  a  particular 
cyclic  point  first  is  said  to  lead  the  other.  This 
is  expressed  in  electrical  degrees. 

Current  that  reaches  its  maximum  value  before  the 
.voltage  that  produces  it. 

Term  used  to  express  current  loss  through  imperfect 
insulators . 

For  generators,  stretch  the  thumb  and  first  finger 
of  the  left  hand  at  right  angles  to  each  other  in 
the  same  plane  and  the  second  finger  at  a  ninety 
degree  angle  perpendicular  to  the  plane  of  the  thumb 
and  first  finger.    For  a  conductor  in  a  generator 
armature,  when  the  thumb  indicates  the  direction  of 
magnetic  lines  of  force  the  second  finger  indicates 
the  direction  of  electron  flow.    For  a  motor  the 
right  hand  rule  is  used.     For  a  current  carrying 
wire,  if  the  fingers  of  the  left  hand  are  closed 
around  the  wire  so  that  the  thumb  points  in  the 
direction  of  electron  flow,  the  fingers  will  be 
pointing  in  the  direction  of  the  magnetic  field. 

Whenever  an  induced  current  is  produced  by  any 
motion,  current  will  flow  in  a  direction  such  that 
mechanical  forces  will  be  produced  which  oppose 
the  motion. 

Applied  to  meter  scales,  having  equal  graduations. 

Voltage  drop  existing  between  two  points  of  a  power 
line  due  to  resistance. 

Imaginary  lines  to  indicate  the  direction  and 
intensity  of  a  magnetic  or  electrostatic  field. 

It 

Voltage  level  of  the  main  power  supplied  to  equipment. 

1.    Power  consumed  by  a  machine  or  circuit  in 
performing  its  function.    2.    Resistor  or  other 
impedance  which  can  replace  some  circuit  element 
temporarily  or  permanently  removed.    3.    Power  that 
machine  or  apparatus  will  deliver.    A.  Device 
used  to  absorb  power  and  convert  it  into  the  desired 
useful  form.     5.     Impedance  to  which  energy  is  being 
supplied.     6.    Power  consuming  device  connected  to  a 
circuit. 
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an 

J.O88 

Magnet 

Magnetic  Amplifier 

Magnetic  Circuit 
Magnetic  Field 
Magnetic  Flux 

Magnetic  Flux  Density 
Magnetic  Lines  of  Force 

Magnetic  Pole 

Magnetic  Saturation 

Magnetic  Shield 

Magnetism 

Magne  t  omo t  i  ve  Fo  r  ce 
Majority  Carrier 

Matter 


Amount  of  electrical  attenuation  in  a  circuit,  or  the 
power  consumed  in  a  circuit  component.    2.  F.ncrgy 
dissipated  in  accomplishing  useful  work;  usually 
expressed  in  units  of  watts. 

~M- 

A  magnetic  material  which  has  the  property  of 
attracting  or  repelling  other  magnetic  substances. 

A  device  using  one  or  more  saturable  reactors  to 
control  the  field  strength  of  a  generator. 

The  complete  path  of  magnetic  lines  of  force. 

Space  in  which  magnetic  lines  of  force  exist. 

The  total  flow  of  magnetic  lines  of  force  through  a 
magnetic  circuit. 

M^netic  field  intensity  measured  in  oersted. 

Imaginary  lines  used  for  convenience  to  designate 
the  direction  in  which  magnetic  forces  are  acting 
as  a  result  of  a  magnetomotive  force. 

The  part  of  the  magnet  where  the  lines  of  force 
enter  or  leave  the  iron  and  where  the  forces  of 
attraction  and  repulsion  are  concentrated. 

The  point  of  magnetization  in  an  electromagnet  where 
an  increase  in  current  causes  only  a  very  small 
increase  in  magnetism. 

Sheet  or  core  of  iron,  enclosing  instruments  to 
protect  them  from  stray  magnetic  fields  by  providing 
a  convenient  path  for  the  magnetic  lines  of  force. 

The  property  of  the  molecules  of  certain  substances, 
as  iron,  by  virtue  of  which  they  may  store  energy 
in  the  form  of  a  field  of  force  and  is  due  to  the 
motion  of  the  ela€Trons  in  the  atoms  of  the  substance; 
a  manifestation  ©f  energy  due  to  the  motion  of  a 
dielectric  field  x>f  force. 

That  force  which  produces  magnetic  flux;  nieasured 
in  ampere-turns. 

In  semiconductors,  the  type  of  carrier  constituting 
more  than  half  the  total  number  of  carriers.  The 
majority  carriers  may  be  either  holts  or  electrons, 
depending  on  the  construction  of  the  semiconductor. 

Anything  which  has  weight  and  occupies  space. 
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Maximum  Value 


3fr 

The  greatest  instantaneous  value  of  an  alternating 
current  or  voltage. 


Maxwell 

Meg  or  Mega 
Megger 

Megohm  (MO) 

Mica 

Micro  (    p  ) 

Microfarad  (  p  f) 

Micro-Micro  (  p  m  ) 
Milli 

Mi lliammeter 

Mi  Hi  ampere  (ma) 

Minority  Carrier 

Molecule 

Molecular  Theory  of 
Magnetism 

Motor 

Motor  Starter 


Centirceter-gram-second  electromagnetic  unit  of 
magnetic  flux.     It  is  equal  to  one  oersted  per 
square  centimeter,  or  to  one  magnetic  line  of 
force . 

\  prefix  meaning  one  million  times. 

High  range  ohmrrmter  used  for  measuring  insulation 
resistance  value*   or  other  high  resistances. 

A  large  unit  of  resistance;   equal  to  one  million 
ohms  • 

A  mineral  used  for  insulating  purposes  because  of 
high  dielectric  strength  and  resistance  to  high 
temperatures . 

A  prefix  meaning  one-millionth  of;  designated  by  the 
Greek  letter  Mu. 

Practical  unit  of  capacitance;  one  millionth  of  a 
farad. 

One  millionth  of  one  millionth. 

A  prefix  meaning  one  thousandth. 

A  meter  calibrated  in  mi  Hi  amperes  . 

A  unit  of  current  equal  to  one-thousandth  of  an 
ampere. 

In  semiconductors  the  type  of  carrier  constituting 
less  than  one  half  of  the  total  number  of  carriers - 

The  smallest  particle  of  a  substance  which  can  exist 
and  still  retain  all  of  the  characteristics  of  that 
substance. 

Assumption  that  each  molecule  of  matter  is  a  separate 
magnet  and  that  in  ferromagnetic  materials  these 
magnets  all  line  up  with  their  magnetic  poles  pointing 
in  the  same  direction  when  the  material  is  magnetized*. 

A  machine  which  converts  electrical  energy  into 
mechanical  energy. 

A  device  for  protecting  electric  motors  from  excessive 
current  while  they  are  reaching  full  speed. 

Permeability,  amplification  factor,   prefix  micro. 
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Mutual  Induction 


See  induction  (mutual). 


N^gat I vc 


Negative  Bias 


Negative  Temperature 
Cbef ficient 


Network 

Neut  ron 

Nonlinear 

tf-P-N  Transistor 

N-P  Semiconductor 
Nucleus 


-N- 

A  term  used  to  describe  a  terminal  or  point  that  has 
more  electrons  than  normal;  such  ns  the  negative 
terminal*  of  n  battery. 

A  bias  placing  a  negative  charge  on  some  tube 
element  in  respect  to  another  tube  element.  Usually 
making  the  control  grid  negative  in  respect  to  the 
cathode  • 

Temperature  coefficient  expressing  the  amount  of 
reduction  in  the  value  of  a  quantity,  such  as 
resistance  per  degree  of  increasing  temperature. 

Special  type  of  electric  circuit  which  cannot  be 
classified  in  terms  of  series  and  parallel  parts. 

The  small  particle  of  an  atom  having  no  electric 
potential. 

In  meters,  a  term  used  tc  express  unequal  graduations 
in  the  meter  scale. 

A  traasistor  which  consists  of  a  thin  slice  of  P-type 
semiconductor  material  sandwiched  between  two  layers 
of  N-type  semiconductor. 

See  crystal  diode.  \ 

Central  part  of  the  a^om  which  makes  up  most  of  the 
weight  of  the  atom/  An  atomic  nucleus  is  made  up  of 
two  kinds  of  fundamental  particles,  protons  and 
neutrons.    It  has  a  positive  charge  equal  to  the 
number  of  protons  it  contains. 


Ohm 

/ 

i 

Ohmi  c  ae 
*Ohrameter 


-0- 

The  unit  of  electrical  resistance.     It  is  that  value 
of  electrical  resistance  through  which  a  constant 
potential  difference  of  1  volt  across  the  resistance 
will  maintain  a  current  flow  of  1  ampere  through  the 
res  istance  * 

Resistance  in  ohms. 

An  instrument  used  for  measuring  the  resistance  of  a 
circuit . 
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Ohm's  Law 


The  current  in  an  electrical  circuit  is  directly 
proportional  to  the  electromotive  force  in  the 
circuit.     It  is  the  fundamental  law  of  electrical 
circuits  and  is  true  of  all  metallic  circuits  and 
most  circuits  containing  an  electrolyte  resistance. 
The  most  common  form  of  the  law  is  E  =  IR,  where  E  is 
the  electromotive  force,  I  *3  thc|  current  flow  in  the« 
circuit,  and  R  is  the  resistance  of  the  circuit. 


Ohmmeter  Zero  Adjustment 


Potentiometer  or  other  means  provided  to  compensate 
for  the  reduction  of  battery  voltage  with  sge  in  an 
ohmmeter* 


upen  Circuit 


1.  Condition  of  an  electrical  circuit  cau3ed  by  the 
breaking  of  continuity  of  one  or  more  of  the  conductors 
of  the  circuit;  usually  an  undesired  condition. 

2.  Circuit  which  does  not  provide  a  complete  path 
for  current  to  flow. 


Oscilloscope 


An  instrument  for  showing,  visually,  graphical 
representations  of  waveforms  encountered  tir' '  * 
electrical  circuits. 


Out-of-Phase 


Having  waveforms  that  are  of  the  same  shape  but  do 
not  pass  through  corresponding  values  at  the  same 
instant. 


Out  put 


1.    Current,  voltage,  power,  or  a  driving  force 
delivered  by  a  circuit  or  device.     2.    Terminals  or 
other  places  where  current,  voltage,  power,  or  other 
driving  force  may  be  delivered  by  a  circuit  or  device. 


Overload 


Condition  where  the  load  is  greater  than  the  rated 
load  of  a  device. 


Overload  Relay 


A  device  which  opens  a  circuit  when  the  current 
exceeds  a  specified  level,  r 


Oxidation 


The  che>ical  process  of  combining  with  oxygen,  often 
by  exposure  to  air. 


-P- 


Parallel  Circuit 


An  electrical  circuit  which  has  two  or  more  paths 
for  current  to  return  to  its  source. 


Parallel-Series 


Circuit  in  which  two  or  more  parts  are  connected 
together  in  parallel  to  form  parallel  circuits  and  in 
which  these  circuits  are  then  connected  together  in 
series  so  that  both  methods  of  connections  appear. 
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Part 


Peak 


A  mechanical  unit  which  cannot  readily  be  subdivided 
such  as  a  tube,  resistor. 

Maxi|num  instantaneous  value  of  an  alternating 
qu/mjt  ity . 
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Pentode 
Period  . 

Permanent  Magnet 
Permeability 

Phase 

Phase  Adapter 
Phase  Difference 

PirTJetvork 


Plate  (P) 
Plate  Voltage 

/   P-N-P  Transistor 
Polarity 

Pole  Piece 

Polyphase 
Positive 

Positive  Temperature 
Coefficient 

ERLC 


A  five-el  mont  tube. 

Time  required  for  the  completion  of  one  cycle. 

A  magnet  not  dependent  on  a  current  for  magnetization. 

The  ability  of  a  material  to  conduct  magnetic  lines 
\of  force,  as  compared  to  air. 

The  fraction  of  a  cycle  that  has  lapsed  since  a 
voltage  or  current  has  passed  througjh  a  given 
cyclic  point. 

A  device  containing  a  coil  and  a  capacitor  for 
changing  single-phase  current  into  three-phase 
current. 

The  relation  between  two  sine' wave  quantities  of  the 
same  frequency  as  to  time  that  they  pass  a  given 
cyclic  point  on  their  respective  sine  waves.  The 
amount  of  time  is  expressed  in  electrical  degrees. 

Network  of  three  impedances,  two  across  the  line 
and  a  third  inserted  in  one  line  between  the  first 
two.    Connected  in  such  a  manner  as  to  resemble  the 
Greek  letter  pi. 

See  anode. 

The  DC  voltage  applied  between  the. plate  and  cathode 
of  a  vacuum  tube. 

A  junction  transistor  formed  by  a  slice  of  N-type 
'semiconductor  between  two  layers  of  ^type 
semiconductors .  '  ^ 

1.  Condition  of  an  electrical  circuit  by  /Wfrich  the 
direction  of  current  flow  can  be  determined.  Usually 
applied  to  batteries  or  other  direct  voltage  sources. 

2.  Two  opposite  charges,  one  positive  and  one 
negative.    3.    Quality  of  ..aving  two  opposite 
magnetic  poles,  one  North  and  one  South. 

Piece  of  ferromagnetic  material  forming  one  end  of  a 
magnet  and  shaped  so  as  to  control  the  distribution 
of  the  magnetic  flux  in  the  adjacent  medium. 

Having  more  than  one  phase;  as  in  three-phase. 

*■  A  term  used  to  describe  e  terminal  having  fewer 
electrons  than  another. 

Characteristic  of  a  device  or  substance  in  which  the 
resistance  of  a  substance  increases  when  the 
temperature  increases. 
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Potential 


6 


Potential  Barrier 


Potential  Difference 


Potentiometer 


Powe  r  \ 


^ower  Factor  (PF) 
^ower  Supply 

'  \ 

PoweV  Transformer 


Primary 


Primary  Current 
Primary  Voltage 

Proton 

Pulsating  Direct  Current 
Pulsating  Voltage 

Pulse 


ERLC 


Difference  in  voltage  between  two  points  or  a 
circuit;   frequently  one  is  assumed  to  ground  (zero 
potential).    Generally  expressed  in  volts. 

Region  in  which  the  electric  potential  is  such  that 
moving  electric  charges  attempting  to  pass  through 
it  encounter' opposition  and  may  be  turned  back. 

Algebraic  difference  between  two  points  or  individual 
potentials.     Voltage  existing  between  two  points. 

A  resistor  which  has  a  movable  contact  arm  which  can 
be  set  at  any  point  of  the  resistor.    The  applied 
voltage  is  connected  to  the  fixed  end  terminals  of  the 
resistor,  and  the  output  circuit  is  connected  between 
the  movable  contact  and  one  of  the  fixed  terminals. 
Rotating  the  movable  contact  varied  the  proportion 
of  the  total  voltage  which  is  applied  to  the  output 
^circui  t., 

Time  rate  of  doing  work  or  expending  energy.  In 
electrical  systems,  the  basic  unit  is  the  watt. 

The  ratio  expressed  in  percentage  of  actual  power 
consumed  in  an  AC  circuit  over  apparent  power. 

Source  of  electrical  energy  required  for  normal 
operation  of  any  electrical  device  or  system. 

Transformer  used  to  change  the  supply  voltage  to  the 
various  higher  and  lower  values  required  for  a 
system  operation. 

The  first,  in  electrical  order,  of  two  or  more 
coupled  circuits,  in  which  a  change  in  current 
induces  a  voltage  in  the  other  or  secondary  circuit; 
such  as  the  primary  winding  of  a  transformer.  The 
primary  is  usually  connected  to  the  source  of  power. 

Current  flowing  in  the  primary  winding  of  a  transformer. 

Voltage  applied  to  the  primary  windings  of  a 
trans former. 

The  particle  in  the  nucleus  of  an  atom  having  a 
positive  charge . 

Current  which  varies  in  magnitude,  but  not  in 
direction. 

Varying  voltage,  the  variations  of  which  take  place 
during  regular  intervals  of  lime  and  may  or  may  not 
include  changes  in  polarity. 

A  brief  excursion  of  a  quantity  from  normal;  such  as 
a  pulsating  voltage. 
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Pulse-per-second  (ppa) 
Rate 

Rated  Output 

Reactance  (X) 

Reactive  Load 
Reactive  Power 

Rectification 
Pectifier 


Regulator,  Carbon  Pile 
Regulator,  Reg  Ohm 
Relay 

Reluctance 


The  number  of  pulses  of  a  pulsating  voltage  in  a 
given  length  of  time.    Usually  expressed  as  a 
frequency  of  a  pulsating  voltag2. 

-R- 

Measurement  of  movement  per  unit  of  time;  e.g., 
rate  of  flow,  climb,  etc. 

Output  power,  voltage,  or  current,  etc.,  at  which  a 
machine,  apparatus,  or  device  is  designed  to  operate 
under  specified  normal  conditions. 

The  opposition  offered  to  the  flow  of  an  alternating 
current  by  the  inductance,  capacitance,  or  both  in  any 
circuit.    Measured  in  ohms. 

Load  having  reactance,  such  as  capacitive  load  or  an 
inductive  load,  rather  than  a  resistive  load. 

Power  given  back  in  any  circuit,  by  the  collapsing 
magnetic  field  of  an  inductive  reactor;  or  by  ths 
collapse  of  an  electrostatic  field  of  a  capacitor  or 
capacitive  effect,  or  the  conbination  thereof. 
Reactive  power  is  generally  expressed  as  volt- 
amperes-reactive  (VAR)  because  the  term  "power" 
implies  the  expenditure  of  unrecoverable  energy. 

The  process  of  changing  alternating  current  to  direct 
current. 

A  device* for  converting  alternating  current  to 

pulsating  or  full-wave  direct  current.  * 

» 

Full -Wave  Rectifier  -  A  device  which  uses  both 
positive  and  negative  alternations  of  AC  to  produce 
a  direct  current. 

Hfrlf-Wave  Rectifier  -  A  device  which  converts  AC  into 
pulsating  DC  by  allowing  current  to  pass  during  one 
alternation  of  each  AC  cycle? 

Device  for  controlling  the  voltage  or  current  output 
of  generators. 

Varies  resistance  in  the  control  windings  of  the 
positive  control  mag  amp. 

An  electromagnetic  switch  which  permits  rjntrol  of  a 
large  current  in  one  circuit  by  a  much  smaller 
current  flowing  in  a  control  circuit. 

Opposition  to  flow  of  magnetic  flux. 
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Residual  Magnetism 
Resistance  (R) 
Resistor 
Resistance  Wire 

Resonance 


Retentivity 
Rheostat 
Right  Triangle 
Ripple 


Ripple  Frequency 


Rotor 


Rotating  Magnetic  Field 
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The  magnetism  which  remains  in  a  material  after  the 
magnetizing  force  is  removed. 

The  oppositior    o  the  flow  of  current  caused  by  the 
nature  and  physical  dimensions  of  a  conductor, 

A  circuit  element  whose  chief  characteristic  is 
resistance;  used  to  oppose  the  flow  of  current. 

Wire  made  of  a  metal  or  alloy  having  high  resistance 
per  unit  length,  such  as  nichrome.    Used  in  wire- 
wound  resistors,  heating  elements,  etc. 

A  circuit  in  which  the  inductive  reactance  and 
capacitive  reactances  are  equal.     (In  a  circuit 
whose  inductive  and  capacitive  elements  are  in 
series 4  the  total  impedance  at  the  resonant 
frequency  is  equivalent  to  the  DC  resistance; 
in  a  circuit  in  which  the  capacitive  and  inductive 
elements  are  in  parallel,  the  impedance  reaches  a 
maximum  value.) 

Ability  to  hold  magnetism. 

A  variable  resistor. 

A  triangle  which  has  one  90-degree  angle. 

Periodic  fluctuation  on  a  DC  voltage  which  results 
from  incomplete  filtering  in  a  power  rectifier  set, 
or  from  the  bars  of  the  commutator  of  a  DC  generating 
machine. 

The  number  of  pulses  or  ripples  per  unit  length  of 
time.     It  is  used  as  an  expression  of  the  frequency 
of  a  pulsating  voltage  or  current. 

The  part  of  an  electrical  machine  that  turns  or 
rotates. 

Name  applied  to  the  magnetic  field  in  the  stator  of 
AC  motors. 


Saturation 


Saturable  Reactor 


-S- 

In  a  vacuum  tube  the  condition  which  exists  when  an 
increase  in  plate  potential  does  rot  increase  electron 
flow  of  the  tube. 

Magnetic  core  reactor  in  which  a  lew  value  cf  current 
produces  magnetic  saturation  of  the  core. 


ERLC 


Schematic  Circuit  Diagram  Circuit  diagram  in  which  component  c:trts  are 

represented  by  simple,  easily  drawn  aymbois.  Kay  be 
called  a  schematic. 
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Screen  Grid 

Secondary  Coil 
Secondary  Emission 

Secondary  Voltage 

Selenium  Rectifier 

Self  Excitation 

Self-Inductance 
Self-induction 

Semi  conductor 

Semiconductor  Diode 
Series  Circuit 

Shell 

Short  Circuit 
Shunt 

Shunt  Wound 
Signal 


A  grid  placed  between  the  cbntrol  grid  and  the  plntes. 
It  has  positive  potential  less  than  the  plate  and  tends 
to  neutralize  the  capacitive  effect  between  the  control 
grid  and  the  plate* 

The  output  winding  of  a  transformer. 

The  emission  of  electrons  from  the  plate  due  to  the 
bombardment  of  electrons  from  the  cathode. 

Voltage  across  the  secondary  windings  of  a 
transformer. 

Rectifier  formed  of  discs  of  metal  in  contact  with  a 
layer  of  metallic  selenium. 

A  generator  that  receives  excitation  power  from 
Itself. 

Induction  associated  with  but  one  circuit. 

1.    Action  in  which  a  counter  electromotive  force  is 
produced  In  a  conductor  when  the  conductor's  own 
magnetic  field  collapses  and  expands  with  a  change  of 
current  flow,    2.    Production  of  a  voltage  In  a 
circuit  as  a  result  of  a  varying  voltage  In  the 
same  circuit* 

Solid  or  liquid  electronic  conductor,  with 
resistivity  between  that  of  metals  and  insulators. 

A  diode  made  of  semiconductor  materials* 

Two  or  more  units  connected  with  only  one  path  for 
current  through  them. 

A  group  of  electrons  supposed  to  form  part  of  the 
outer  structure  of  the  atom,  and  having  a  common 
energy  level. 

A  low  or  zero  impedance  path  between  two  points. 
A  type  or  electrical  trouble  wherein  the  current 
bypasses  the  normal  unit  of  resistance  in  the  circuit. 

A  particular  type' of  resistor  designed  to  be 
connected  in  parallel  with  an  instrument  to  extend 
its  current  range  beyond  the  value  for  which  the 
instrument  is  already  complete. 

A  motor  or  generator  wound  so  that  the  armature  and 
field  are  in  parallel. 

Any  transmitted  electrical  impulse. 
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Silicon 

Sine  Curve 

Sine  of  «in  Angle 

Sine  Wave 
Slip 

Slip  Rings 

Solenoid 
Space  Charge 
Specific  Gravity 

Spark 

Squirrel  Cage  Winding* 
Static 

Static  Electricity 
Stator 

Step-Dovm  Transformer 
Step-Up  Transformer 


Nonmetallic  element  which  is  a  semiconductor  used 
in  the  manufacturing  of  transistors. 

The  graph  obtained  by  plotting  the  sine  of  an  angle 
against  degrees. 

One  of  the  trigonometric  functions  of  un  angle  In 
connection  with  a  right  triangle;  the  ratio  of  the 
side  opposite  the  angle  to  the  hypotenuse. 

The  waveform  of  pure  alternating  current  showing  the 
buildup  to  maximum  value  and  the  falling  off  to  zero 
of  both  negative  and  positive  alternations. 

The  difference  between  synchronous  speed  and  actual 
speed  of  the  rotor  of  an  induction  motor. 

Copper  rings  which  complete  a  circuit  to  a  rotating 
menber  through  brushes.    May  be  used  for  either  AC 
or  DC  circuits . 

A  coil  of  insulated  wire  wound  in  the  form  of  a 
spring  or  on  a  spool. 

A  negative  charge  in  a  vacuum  tube  due  to  free 
electrons  which  are  not  attracted  to  the  plate. 

The  ratio  of  the  weight  of  a  given  volume  of  any 
substance  to  the  weight  of  the  same  volume  of  pure 
water. 

Flash  due  to  an  electric  discharge  through  air  or 
some  other  dielectric  material,  taking  place  between 
two  or  more  electrodes. 

Short  circuited  windings  uith  its  conductors  joined 
by  a  continuous  end  ring. 

Fixed f  nonvarying,  non-moving  condition. 

An  electric  charge  caused  by  friction  of  two 
dissimilar  materials,  generally  found  in  nature. 

A  stator  If  the  part  of  an  AC  generator  or  motor 
which  has  the  stationary  winding  on  it. 

Transformer  in  which  the  energy  transfer  is  from  a 
high  voltage  winding  to  a  low  voltage  winding  or 
windings . 

A  transformer  in  which  the  energy  transfer  is  from  a 
low  voltage  winding  to  a  high  voltage  winding  or 
windings . 
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Subatomic  Particles 
Switch  (SW  or  S) 
Switching 
Symbol 

Synch ronization 

Synch ronous 
Synchronous  Motor 

Tank  Circuit 


Tap 

Tapped  Resistor 

Terminal 
Test  Jack 

Test  Lead 
Test  Prod 


Tetrode 

Thermionic  Emission 


Particles  vhich  make  up  the  atom.  Proton,  neutron 
and  elect  ron. 

A  device  for  closing,  opening,  or  changing  the 
connections  of  h  circuit. 

Making,  breaking,  or  changing  the  electrical 
connections  of  a  circuit. 

In  circuit  diagrams,  a  conventional  sign,  such  as 
a  letter,  a  character,  or  an  abbreviated  word  used 
as  a  circuit  part. 

The  process  of  bringing  two  or  more  AC  units  in 
phase  with  each  other.  * 

Moving  in  perfect  time  or  step. 

A  motor  which  turns  at  the  same  speed  as  the 
rotating  magnetic  field* 


-T- 


An  inductor  and  capacitor  in  a  parallel  connected 
resonant  circuit.    Since  such  a  circuit  has  the 
ability  to  store  energy  for  a  short  period  of  time, 
it  acts  as  a  reservoir  or  tank. 

A  connection  brought  but  of  a  winding  of  a  transformer 
at  some  point  between  its  extremities,  usually  to 
permit  changing  of  the  voltage  ratio. 

Wire-wound,  fixed  resistor  having  one  or  more 
additional  terminals  along  its  length  generally  for 
voltage  divider  applications. 

A  point  to  which  electrical  connections  are  made. 

Appearance  of  a  circuit  or  circuit  element  in  jacks 
for  testing  purposes. 

Flexible  insulated  lead  used  chiefly  for  connecting 
meters  and  test  equipment  to  a  circuit  under  test  at 
a  test  point. 

Sharp  metal  point  provided  vJith  an  insulated  handle 
and  means  far  electrical  connection  to  a  point  under 
test*     It  is  used  for  making  touch  connections  to  a 
circuit. 

A  four-e lement  vacuum  tube. 

Tie  emission  of  electrons  from  a  heated  cathode  in  a 
vacuum  tube . 
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Thermocouple 

Thyrat  ron 

Toggle  Switch 
Torque 

Transformer  (T) 


Transistor 


Triode 


True  Power  (Pt> 


Turn  R^tlo 


A  joint  of  two  dissimilar  metals  across  which  a  DC 
voltage  is  produced  when  heated. 

A  mercury  vapor  tube  containing  a  grid  by  means  of 
which  relatively  high  currents  can  be  controlled, 

A  manually  operated  lever  type  switch. 

A  twisting  or  turning  force. 

A  device  for  transferring  electrical  energy  from  ore 
circuit  to  another.     It  may  step  up  the  voltage  and 
step  down  the  current  or  vice  versa.     In  any 
particular  case  the  total  energy  transferred  remains 
the  same,  except  for  copper  loss,  eddy  currents  and 
hysteresis. 

Active  semiconductor  device  with  3  or  more 
electrodes* 

A  three-element  vacuum  tube. 

The  power  actually  consumed  in  an  AC  circuit  and 
2 

equal  to  I  R.    Measured  in  watts. 

The  ratio  of  the  number  of  turns  In  a  primary  { 
winding  of  a  transformer  to  the  number  of  turns  In  I 
the  secondary  winding. 

-V- 


to 


Vacuum 


Vacuum-Tube  Voltmeter 


Valence 


Valence  Band 


Variable  Capacitor 


Variable  Inductor 


Variable  Resistor 


An  inclosed  space  from  which  practically  all  air  has 
been  removed.     (A  perfect  vacuum  is  not  obtainable.) 

(VTVM)  device  utilizing  the  characteristics  of  a 
vacuum  tube  for  measuring  voltages. 

Measure  of  the  extent  to  which  an  atom  is  able  to 
combine  directly  with  other  atoms.    It  is  believed 
to  depend  on  the  number  and  arrangement  of  the 
electrons  in  the  outermost  shell  of  the  atom. 

The  range  of  energy  states  in  the  spectrum  of  a  solid 
crystal  in  which  lie  the  energies  of  the  valence 
electrons  which  bind  the  crystal  together. 

Capacitor  whose  capacitance  can  be  varied  from 
maximum  to  minimum  value  by  mechanical  means. 

Coil  in  which  the  inductance  value  can  be  varied  by 
mechanical  means. 

Wire-wound  or  composition  resistor,  the  value  of 
which  can  be  changed  by  mechanical  means. 
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Variac 


Varmeter 


Vector 

Vibrator 
Volt  <v) 

Voltage 


Voltage  Drop 


Voltage  Rating 
Voltage  Regulator 

Voltage  Sensing  Coil 

Volt-Ampere  (VA) 
Volt-Amp-Reactive  (VAR) 

Voltmeter 


Trade  name  for  an  autotransformer  with  1  toroidal 
winding  with  a  rotating  carbon  brush,  giving  a 
continuously  adjustable  voltage  from  zero  to  line 
plus  17  percent. 

Meter  used  to  measure  reactive  power  in  an  electrical 
circuit.    Measures  volt-amp-reactive;  measures  all 
of  tb3  volts  of  the  circuit  times  all  of  the  out- 
of-phase  amps  or  current. 

A  line  which  by  length  shows  amount  of  a  quantity 
to  scale  and  whose  arrow  represents  direction  or 
angle  of  the  quantity. 

A  mechanical-electrical  device  used  to  change  a 
continuous  steady  current  into  a  pulsating  current . 

Unit  of  electromotive  force  or  electrical  pressure. 
One  volt  is  the  pressure  required  to  send  1  ampere 
of  current  through  a  resistance  of  1  ohm. 

Term  used  to  signify  electrical  pressure.  Voltage 
is  the  force  which  causes  current  to  flow  through 
an  electrical  conductor.    Voltage  of  a  circuit  is  the 
greatest  difference  in  potential  between  any  two 
conductors  of  the  circuit  concerned.  ^ 

A  part  of  the  applied  voltage  used  up  in  a  particular 
part  of  a  circuit.    In  a  simple  circuit  the  voltage 
drop  across  the  unit  of  resistance  would  equal  the 
applied  voltage. 

The  maximum  sustained  voltage  that  can  be  safely 
applied  to  an  electrical  device  without  risking  the 
possibility  of  electrical  breakdown. 

A  device  used  in  connection  with  generators  to  keep 
the  output  voltage  constant  as  load  or  speed  is 
changed* 

Coil  in  the  carbor  pile  regulator  which  senses  and 
compensates  for  a  voltage  drop. 

The  unit  of  apparent  power  in  an  AC  circuit. 

The  unit  of  reactive  power;  the  product  of  the  out-- 
of-phase  voltage  and  current. 

Instrument  for  measuring  potential  difference  or 
voltage.     It  may  be  calibrated  in  volts,  millivolts, 
or  kilovolts . 
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Watt 


Wattage  Rating 


Practical  unit  of  electrical  power.     It  is  the  power 
required  to  do  work  at  the  rate  of  1  Joule  per 
second.     In  a  DC  circuit,  the  power  in  watts  is 
equal  to  t^e  voltage  multiplied  by  the  current  in 
amperes.     In  an  AC  circuit,  the  true  power  in  watts 
is  the  effective  voltage  multiplied  by  the  circuit 
power  factor,     (Note)     746  watts  ~  1  horrepower. 

Rating  expressing  the  maximum  power  that  a  device 
can  safely  handle. 


Wattmeter 
Wavelength 


An  instrument  for  measuring  true  power. 

The  distance  between  two  corresponding  phases  of  two 
consecutive  waves  of^jfave  train.     It  is  usually 
expressed  in  meters. 


4 


Weight 
Winding 


The  force  with  which  a  body  is  attracted  toward  the 
center  of  the  earth  by  gravity. 

One  or  more  turns  of  wire  forming  a  continuous  coil 
fot  a  transformer,  rotating  machine,  or  other  device. 


Wire 


Solid  or  stranded  group  of  solid,  cylindrical 
conductors  having  low  resistance  to  current  flow, 
with  aay  associated  insulation. 


Wire-wound  Resistor 


Wiring  Diagram 


^Resistor  utilizing,  as  the  resistive  element,  a  length 
of  higjh  resistive  wire  or  ribbon  wound  on  an 
insulating  form. 

h 

drawing  that  shows  electrical  equipment  and/or 
component  parts  together  with  all  the  wiring  that 
connects  this  equipment  and/or  parts. 


Work 


The  result  of  a  force  acting. against  opposition  to 
produce  motion  and  is  measured  in  terms  of  the 
product  of  the  force  and  the  distance  it  acts. 


.Working  Voltage 


Wye 


Voltage  rating.     In  a  capacitor  it  is  the  maximum 
that  the  device  can  withstand  under  normal  operating 
conditions. 

Method  of  connecting  the  stator  windings  in  a  3  phase 
motor  or  generator. 


-Z- 


Zener  Breakdown 


In  a  semiconductor  diode,  a  br*   -down  that  is  caused 
by  the  field  emission  of  holes     id  electrons  in  the 
depletion  layer. 
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FOREWORD 


j^his  programmed  text  was  propped  for  use  in  the   3ABR42331  and 
3ABR42334  Instructional  Systems  and  was  validated  using  student^ 
enrolled  in  the  subject  courses.^  At  le >st  90  percent  of  the  students 
achieved  the  objectives  as  stated.     The  average  time  required  to 
complete  this  text  is  55  minutes. 

OBJECTIVES 

1.  Select   the  safe  work  liabits  and  procedures  consistent  with 
shop  and  flight   line  safety. 

2.  Select  general  housekeeping  procedures  which  are  consistent 
with  shop,   flight  line,  and  fire  protection. 

3.  Select  protective  measures  used  against  radiation  hazards. 

4.  Select  the  protective  measures  used  against  high  frequency 
transmission  equipment. 

5.  Select   the  safety  precautions  th.*t  will  be  observed  while 
working  around  danger  areas. 

Note:     The  above  objectives  will  be  accomplished  with  a  minimum 
of  80%  accuracy. 

6.  Select  the  protective  devices  used  for  protection  from 
high  intensity  sound  without  error. 

7.  Select  the  marking  applicable  to  radioactive  parts  and  materials. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  sttp9  called  %j 
"frames/'    Carefully  study  each  frame  until  you  understand  its  contents. 
You  are  required  to  identify  or  complete  or  match  itemj  to  related 
situations.     Specific  instructions  are  given  in  each  frame.  Check 
the  accuracy  of  your  work  by  looking  at  the  answer  at  the  bottom  of 
the  following  frame.     If  your  response  is  incorrect,  read  the  frame 
again  and  correct  your  error  before  going  to  the  next  frame.  DO 
NOT  HURRY! 


Supersedes  3ABR32531-PT-105 ,  3ABR42230-PT-105 ,  3ABR32530-1-PT-803, 
3ABR32632B-PT-202,  3ABR42 1 32-PT-103 ,   3ABR422 31-PT-106 ,  19  July  1973. 
OPR:     3370  TTG 
DISTRIBUTION :  X 

3370  TTG'IC  -  600;     IfVSR  -  1 
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GROUND  SAFETY 

Frame  1 

Most  accidents  don't  just  happen.     They  are  caosed  by  unsafe 
acts  of  people.     Safety  education  is  the  most,  effective*  tool  in  pre- 
venting these  acts.    Training  is  a  particularly  important  accident 
prevention  control;  it  gives  each  man  a  personal  safety  tool  by 
developing  habits  of  safe  practice  and  operation.    The  principal 
objective     *  *ny  safety  program'  is  to  provide  safe  operating  standards 
for  ground  operations  that  will  aid  in  eliminating  accident-causing 
sources . 


Check  the^ correct  statement (s) . 

1.  Most  accidents  are  "man  made"  and  can  be  controlled. 

2.  ^  Adequate  safety  education  is  the  most  effective  way  of 

preventing  nman  made"  accidents. 

3.  Training  usually  is  ineffective  in  preventing  accidents. 

A.  One  prinfipal  objective  of  any  safety  program  is  to 

eliminate  accident-causing  sources. 
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Frame  2 


% 


Accident     _evention  is  the  responsibility  of  management  personnel 
such  as  comnianders  and  supervisors.     However,  the  person  most  responsible 
for  your  own  safe  work  habits  and  attitudes  can  only  be  yj^seH.*  Unless 
you  develop  safe  work  habits  and  constantly  practice  safety,  you  or 
your  fellow  workmen  may  be  injured. 


Check  the  correct  statement (s) . 

1.    If  you  are  involved  in  an  accident,  you  should  tlways 

blame  your  supervisor . 

2.  Being  completely  familiar  with  safe  work  procedures 
does  not  insure  against  accidents. 

3 . ^^w^^^       'Accident  prevention  is  the  responsibility  of  management 

perr  nnel. 

4.  You  are  responsible  for  your  safe  wor^  habits. 
Answers  to  frame  1: 

1.     /         2.     /  j ,  4.  / 


Frame  3 


Accidents  involving  handtools" are  usually  the  result  of  misuse. 
-Just  because  handtools  are  .simple  devices  docs  not  mean  they  can  be 
used  safely  by  anyone  with  little  or  no  training.    Therefore,  pre- 
vention of  accidents  involving  handtools  becomes  a  matter  of  proper 
instruction  and  adequate  training  in  safe  working  practices. 

Check  the  correct  statement(s) . 

1'  Proper  instruction  is  better  than  experience  when  learning 

to  use  handtools. 

2.   Simple  handtools  are  not  dangerous:  it  is  only  their 

misuse  that  causes  accidents. 

3.  You  should  be  taught  handtool  safety  before  using  them. 

4.    The  misuse  of  handtools  is  not  a  violation  of  safety 

rules . 

Answers  to  frame  2: 

1.  2.     ✓         3.     /         4.  / 
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^>^rame  4 

Screwdrivers  are  probably  the  most  commonly  used  handtool .  They 
are  used  for  one  purpose  —  to  loosen  or  tighten  screws.  If  used  for 
other  purposes,  they  are  misused.  Common  misuses  of  screwdrivers  are 
as  follows: 

1.  punches.  4.      prys1.  7.  wedges. 

2.  chisels,  5.      nail  pullers.     8.  scrapers. 

3.  pinch  bars.        6.  hammers. 

The  misuses  listed  above  are  dangerous  to  personnel,  as  well 
as  damaging  to  the  screwdrivers  which  makes  them  unsafe  for  further 
use . 

Check  the  correct  statement (s) . 

1,  You  may  misuse  a  screwdriver  as  long  as  you  think  it  is 
a  safe  act. 

2,  Damaged  screwdrivers  must  not  be  used. 

3,  Screwdrivers  are  designed  for  use  on  screws. 
Answers  to  frame  3: 

1.     /         2.     /         3.     /  4. 
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Frame  5 

Misuse  of  files  presents  a  safety  hazard  because  of  sharp  cutting 
surfaces,  tanged  (pointed)  ends,  and-brittle  metal.    The  following 
safety  practices  will  be4  observed  when  using  files: 

1.  Do  not  use  files  without  handles  as  pointed  tangs  can  stab 
or  cut  your  hand. 

2.  Clamp  the  work  to  be  filed  in  a  vise,  never  hold  it  in  your 
hand  while  f '  wng. 

3.  Do  not  use  a  file  for  a  pry  bar.    The  tang  end  is  soft  and 
will  bend,  while  che  body  is  hard  and  brittle  atld  may  snap. 

4.  Never  hamr   r  on  a  file.     Remember,  a  file  is  brittle  and  may 
chip,  splinter,  or  snap,  scattering  sharp  fragments. 

5.  Old  files  should  never  be  Testraped  iuto  knives,  chisels  or 
punches.     They  are  too  brittle  to  use  for  these  purposes.  Unexpected 
breaks  could  be  dangerous.  , 

Check  the  correct  statement (s) J 

!•    You  should  not  uie  a  file  without  a  handle. 

2..  Files  make  good  knives. 

3.    An  important  reason  for  not  misusing  a  file  is  the 

danger  of  breaks  and  chips. 

Answers  to  "frame  4:  < 

1.  2.    /        3.  ✓ 
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Frame  6 

Wrenches  are  frequently  misused  resulting  in  injury  to  personnel. 
The  following  practices  will  be  observed  concerning  their  safe  use: 

1.  Use  a  wrench  of  the  correct  size.    A  loose  wrench  may  slip 
and  injure  the  hand. 

2.  Do  not  use  wrenches  with  spread  or  distorted  jaws,  bent 
handles,  or  cracks. 

3.  Do  not  use  a  wrench  as  a  hammer.     To  do  so  will  weaken  it. 

4.  Do  not  use  a  pipe  or  other  device  on  a  wrench  handle  for 
greater  leverage.     The  wrench  handle  may  snap  and  cause  injury  to 
personnel . 

5.  Never  hammer  on  wrench  handles  to  free  frozen  nuts. 

6.  Puli  a  wrench  -never  push  it.     You  can  maintain  your 
balance  easier  by  pullin*. 

Check  the  correct  statement (s) . 

1,  Wrenches  are  not  dangerous,  it  is  only  their  misuse  that 
is  dangerous. 

2,  Ir  a  wrench  jaw  is  cracked,  it  may  as  well  be  used 
antil  it  breaks. 

3,  A  wrench  of  the  correct  size,  when  used  properly, 
will  not  slip. 

Answers  to  frame  5: 

1.     ✓         2.  3.  ✓ 
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Frame  7 


Hammers  should  be  kept  clean  and  free  of  oil  or  grease  which  would 
cause  the  handle  to  slip  from  the  workman's  hand  or  cause  the  hammer 
to  glance  off  the  object  being  struck.    The  ends  of  hammer  handles  will 
not  be  used  for  prying,  pounding  or  tapping.     This  practice  may  damage 
and  weaken  the  handle  and  lead  to  an  accident. 

Check  the  correct  statement (s) . 

«   Hammer  heads  should  be  kept  greased  to  prevent  rust. 

2*    You  should  never  put  oil  on  hammer  handles. 

3*    You  shoula  »ot  tap  work  with  the  end  of  a  hammer 

handle. 

Answers  to  frame  6: 

1.    j         2.  3.  / 
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Frame  8 


The  following  safety  rules  apply  to  knives: 

1.  Keep  knife  blades  sharp.    Dull  blades  contribute  to  more 
accidents  than  sharp  blades. 

2.  Use  knives  for  cutting,  never  for  a  screwdriver  or  pry  bar. 

3.  Dc  not  leave  knives  lying  around  whore  they  may  cause  injury. 
Keep  pocket  knives  folded  (closed)  when  not  in  use. 

4.  Cut  away  from  the  body,  being  careful  to  cut  in  a  diiection 
that  will  not  endanger  fellow  workers  should  the  knife  slip. 


1. 

2. 
3. 
4. 


Check  the  correct  statement (s) 


If  you  sharpen  a  pencil  with  a  pocket  knife,  place  the 
end  of  the  pencil  on  your  thumb  and  cut  toward  your  thumb, 


Pocket  knives  are  dangerous  unless  used  properly. 
Dull  blades  are  more  hazardous  than  sharp  blades. 
Knives  may  be  used  foi  many  jobs  other  than  cutting. 


Answers  to  frame  7: 

1.  2.     J         3.  ✓ 
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Frame  9 

Punches  and  cold  chisels  will  be  kept  free  from  grease  and  oil  to 
prevent  slippage.    Hold  these  tools  between  the  thumb  and  four  fingers. 
If  tools  have  become  mushroomed  they  must  be  properly  dressed  or  ground. 
If  practical,  hand  guards  such  as  sponge  rubber  will  be  used. 

Workers  will  wear  safety  goggles  or  face  shields  whenever  they 
strike  chisels  or  punches. 


Check  the  correct  statement (9) . 

 A  chisel  becomes  mushroomed  on  the  end  opposite  from 

the  cutting  edge. 

2*   Chisels  cut  better  when  the  cutting  edge  is  greased. 

3*    Mushroomed  punches  should  be  dressed  by  grinding.  $ 

Answers  to  frame  8: 

1.   2.    ✓         3.     ✓  4. 
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Frame  10 

Pliers  and  diagonal  cutting  pliers  are  often  used  around  electrical 
equipment.    Electrical  equipment. must  be  turned  off  when  using  these 
tools  on  electrical  circuits.    Pliers  must  not  be  used  to  tighten  or 
loosen  bolts  and  nuts.    To  do  so  may  damage  the  bolt  head  or  nut. 
Wrenchea_jiS_ed  on  bolts  or  nuts  thus  damaged  may  slip  and  injure  the  hand, 


1. 

2. 
3. 


Check  the  correct  statement (s) . 

Diagonal  cutting  pliers  may  be  used  on  electrical  circuits 
only  after  the  electrical  system  is  turned  off.- 

You  must  not  use  pliers  to  loosen  nuts.  / 

You  may  use  pliers  on  electrical  equipment  when  the 
circuit  is  turned  on  if  you  wear  rubber  gloves. 


Answers  to  frame  9: 

1.    '        2.  2._/_ 
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Frame  11 

*  - 

Unsafe  grinding  practice  can  result  in  many  serious  injuries.  In 
addition  to  the  shatterproof  glass  shields,  workers  will  wear  protective 
goggles  or  face  shields  while  operating  grinding  wheels.'  You  must 
never  operate  a  grinder  with  the  metal  hoods  removed.    Tool-rests  will 
be  adjusted  to  not  more  than  one-eighth  inch  from  the  grinding  wheel. 


METAL  HOOD 

EYE 

SHIELD 

MEDIUM  WHEEL 
TOOL  IE5T 


•  -925 


3. 


Check  the  correct  statement (s) 


You  must  wear  goggles  or  a  face  shield  when  grinding  on 
an  electrical  grinder. 


While  grinding  large  objects,  you  should  remove  the 
metal  hood. 

Before  grinding  you  must  check  the  distance  between 
the  grinding  wheel  and  tool-rest. 


Answers  to  frame  10: 
1.     /         2.     /  3. 


( 
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Frame  12 


Compressed  air  must  be  handled  with  care.    If  you  use  compressed 
air  for  cleaning  parts  you  must  wear  eye  protective  equipment,  such 
•as  goggled.     It  must  never  bemused  to  blow  dust  from  clothing  or  skin. 
Pressures  as  low  as  10'  to  15  pounds 'per    quare  inch  can  cause  serious 
injury  to  skin,  eyes,  ears,  and  penetrate  the  body.     Horseplay  with  the 
air  hose  will  not  be  tolerated.    Under  no  circumstances  will  compressed 
air  be  directed  toward  a  fellow  worker. 

Check  the  correct  statement(s) . 

1.  You  must  use  eye  protectors  or  goggles  while  cleaning 
parts  with  compressed  air. 

2.  Compressed  air  must  not  be  used  to  blow  dust  from  your 
hair. 

3.  Ten  pounds  of  -afr  pressure  is  too  low  to  cause  personnel 
injury. 

Answers  to  frame  11: 

1.     /         2.  3.  / 
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Frame  13 


Degreasing  solvents  are  used  to  remove  grease  from  parts.  Some 
of  these  agents  are  poisonous  when  in  contact  with  the  skin,  taken 
internally,  or  inhaled.    Trichloroethylene,  a  nonflammable  degreasing 
solvent,  is  a  narcotic  and  anesthetic  material.    An  accumulation  in 
the  Body,  due  to  prolonged  exposure,  can  cause  anemia  and  liver  damage 
Use  trichloroethylene  outdoors  or  in  a  well  ventilated  building.  You 
must  not  expose  your  skin  to  this  solvent  or  breathe  its  vapors. 

Check  the  correct  statement (s) . 

!•    trichloroethylene  must  not  come  in  contact  with  the 


skin. 


2. 


You  must  not  breathe  vapors  of  trichloroethylene. 


3. 


Trichloroethylene  is  not  a  hazard  if  skin  exposure 
is  for  short  periods. 


Answers  to  frame  12 : 


1. 


2. 


3. 
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Frame  14 


Hernias,  back  strains,  crushed  hands  and  feet,  and  broken  bones 
may  result  from  improper  lifting.    Lift  from  a  squatting  position  with 
the  back  straight.    The  legs  should  exert  the  primary  lifting  force 
as  shown  in  the  "Yes"  figure  below. 


^^^^ 


1. 
2. 


Check  the  correct  statement (s) . 


r 


When  lifting,  the  back  should  be  the  m^in  lifting  force, 

The  figure  on  the  left  is  an  illustration  of  a  workman 
lifting  with  the  legs. 


Answers  to  frame  13: 
1.    ✓        2.    ✓  3. 


ERIC 
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Frame  15 


You  may  think  it  impossible  to  rer ember  all  the  safety  procedures 
while  performing  your  daily  work.     Howevei  ,  it  is  not  difficult  to 
remember  that  Air  Force  rules  and  instructions  are  written  and  published 
tor  your  use.     vou  must  use  jlt?so  Written  rules,  regulations,  and 
instructions  as  you  perform  your  daily  work.     Do  not  rely  upon  your 
memory  when  personnel  safety  is  involved.     If  you  perform  your  work 
correctly  by  following  written  instructions,  the  possibility  of  accidents 
will  be  reduced.     Above  all,  never  engage  in  horseplay  and  always  use 
common  Sense.     Keeping  these  facts  in  mind  will  help  you  perform  your 
daily  work  in  a  sr      a-'i  efficient  manner. 


No  Response  Required 


Answers  to  frame  14 : 


?. 


9 
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Frame  16 


4 

Check  tbe  following  statements  that  are  correct  , 
X.  Accidents  a*e  sometimes  caused  by  lack  of  safety  training. 

2.  Each  worker  is  directly  responsi  -le  for  his  own  safe 

work  habits.  ^        '  ' 

3  Learning  to  use  handtools  properly  involves  training  in 

safe  use  of  tyndtools.  * 

4#  Screwdrivers  are  ftandy  tool£  and  should  be  used  when  other 

tools  such  as  pry  bars  and  chisels  are  not  available. 

5#  .  One  hazard  connc-cted  with  misuse  of  files  is  possible 

breakage  due  to  britTfcle  metal. 

* 

6#  I£  a  nut  is  "frozen,"  you  should  tap  the  wrench  handle 

with  a  hammer.  1 

7,  A  \   ujner  with  a  split  handle  should  be  used  until  you 

~         can  get  a  new  hammer  or  replace  the  split  handle, 


8.  When  catting  with  a  '-nife,  cut  away  from  th^bbdy ,  not 

toward  it . 

9#  Hanger  from  mushroomed  punches  and  chisels  results  fron 

possible  hand  cuts  or  flying  chips  from  the  tool. 

10.    fliers  must  not  be  used  on  bolts  and  nuts. 

11,  Grinding  wheel  tool-rests  .must  be  not  r     e  than  o\  -eighth 
inch  from  the  grinding  wheels. 

12.  The  principal  object  of  any  safety  program  is  to  aid  in 
~~         eliminating  accident-causing  sources. 

13.  There  is  no  special  danger  connected  with  the  use  of 
compressed  air  for  cleaning  parts, 

14,  The  greatest  danger  in  using  trichloroethylene  :s  the 
extreme  fire  hazard. 

15,  You  should  lift  with  your  1l ^ ,  not  your  back. 


ERIC  24  8 
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HOL'SLKr.KPlNg.  AND  f  IRK  SAFETY 

Frame  17 

Good  housekeeping  and  accident  prevent  ton  go  together.     Shops  must 
be  kept  neat  and  orderly.     All  .persons  must  cooperate  to  keep  their  work 
area  clean,  orderly,  anc^SAFF.     Serious  accidents  could  result  from 
tripping  over  traslv,  hardware,  tools  or  electrical  power  cords  on  floors. 
Liquids  spilled  on  floors  produce  slippery  surfaces  that  are  particularly 
dangerous.     Keep  walking  areas  clear  and  clean. 

Check  the  correct  statement(s) . 

  Possible  electrical  s1      ;  is  usually  the  greatest  hazard 

resulting  from  power        Is  lying  on  the  floor. 

2-  .   If  a  tool  is  dropped  on  the  floor,  it  should  be  pickeo 

up  immediately. 

« 

3-    Oil  cn  the  floor  is  a  source  of  accidents  as  well  as 

f  a  fire  hazard. 


Answers  to  frame  16: 


1.  / 

5 

/ 

9._ 

/ 

V 

13.  

2._  /_ 

6. 

f 

10. 

/ 

14.  

3._  / 

7. 

11. 

/ 

15.  / 

4.  

8. 

y 

12. 

/ 

19 


2 


4U 


Frame  18 


Tools  must  be  stored  in  their  proper  place,  either  in  the  tool  kits 
or  on  special  tools  racks.    Good  habits  concerning  tool  storage  and  care 
are  essential  to  efficient  and  safe  Job  performance.    Keep  all  of  your 
tools  in  good  condition.     Clean,  sharp,  and  well  selected  tools  are  the 
mark  of  a  professional  systems  specialist.     Greasy  tools  used  on  oxygen 
equipment  *re  a  sure  way  of  causing  an  explosion  *r,d  fire. 

Si' 


KEEP  01!  AND  GREASE  AWAY  FROM  OXYGEN 

No  Response  Required 

Frame  19  j 

Lockers,  cabinets,  shelves,  and  drawers  must^be  kept  neat  and  orderly. 
These  areas  require  constant  attention  as  their  contents  are  usually  hidden 
from  direct  vision.    Heavy  objects  should  be  stored  on  bottom  shelves 
to  lessen  lifting  or  dropping  hazards.    Drawers  and  cabinet  doors  should 
not  be  left  open  as  tney  usually  protrude  into  the  walking  area  when 
open. 

Check  the  correct  statement (s) . 

1b  Orderly  arrangement  of  drawer  and  cabinet  contents  is 

~         a  safety  requirement, 

2^  Drawers  and  cabinet  doors  should  not  be  left  open. 

3  Lighter  objects  should  be  stored  on  bottom  shelves, 

~~         heavy  items  on  top  shelves. 

Answers  to  frame  17: 

1.  2.     /  3._^__ 
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Fr     :<  20 


^Good  housekeeping  practices  are  essential  to  effective  fire  pre- 
vention.   Working  and  living  areas  must  be  kept  clean  and  orderly  as 
accumulations  of  dust,  trash,  rubbish,  and  waste  are  sources  of  fire. 
Every  man  shares  the  fire  prevention  responsibility  within  his  working 
and  living  area. 


Check  the  correct  statement (s) . 


2. 


You  should  not  be  concerned  with  good  or  bad  housekeeping 
practices  in  your  shop  because  that  is  the  responsibility 
of  your  supervisor. 

Good  housekeeping  is  concerned  with  cleanliness  in  the 
work  area. 


3. 


Bad  housekeeping  practices  may  cause  fires. 


Ans:.i  vs  to  frane  19: 
1.     /         2.     /  3. 


2! 
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Frame  21 


Combustible  trash  must  be  placed  in  closed  metal  containers 
that  are  plainly  marked  for  such  materials  as  shown  in  the  figure 
below.    Lids  must  be  kept  closed.    At  the  end  of  the  day  or  shift, 
these  containers  must  be  emptied  or  removed  to  a  safe  location  out- 
side the  shop. 


Check  the  correct  statement(s) . 

1.  Noncombustible  trash  must  be  placed  in  closed  metal 
containers . 

2.  You  need  not  empty  trash  cans  until  they  are  full. 

3.  Metal  trash  cans  with  lids  tightly  closed  may  be  kept 
~  in  the  shop  during  working  hours. 

Answers  to  frame  20: 

1.  2.    /        3.  ✓ 


o 
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Frame  22 


Oil  and  paint  foaked  rags  must  not  be  placed  in  trash  cans.  Self- 
elOflag  metal  containers  will  be  used  for  this  material*    A  separate 
<Ufed  metal  container  must  be  used  Co  store  clean  rags.  Containers 
v'll  be  narked  as  shown  in  the  figure  tfelow.     Do  not  put  oily  and  clean 

in  the  same  ""ntainer.     Care  must  be  taken  to  prevent  oil  rags 
£r«  bursting  into  flame  through  spontaneous  combustion.     Empty  the  oil 
f«|  containers,  or  place  them  in  a  safe  location  outside  the  building  at 
l*t  end  of  each  day  or  shift. 


Check  the  correct  statement (s) . 

 Trash  should  no"  be  placed  in  an  oily  rag  container. 

  Clean  rags,  in  their  metal  container,  present  a  fire  hazard 

and  should  be  removed  from  the  building  at  the  end  of 
the  day  or  shift. 

  Paint  soaked  rags  should  be  discarded  by  placing  them 

in  a  metal  trash  can. 

K  Oily  rags  present  a  special  fire  hazard  because  of 

possible  spontaneous  combustion. 

^svers  to  frarne  21: 

2.  3.  / 


23 


Fran*  23 


Oils,  paints,  cleaning  solvents  or  other  volatile  liquids  must 
be  stored  in  closed  metal  containers-  in  designated  areas  outside  of  shop 
buildings,    A  "safety  can"  with  a  flexible  spout  is  a  safe  container  for 
flammable  liquids  such  as  gasoline  and  cleaning  solvents.    These  con- 
tainers are  shown  below. 


METAL  CANS  SAFETY  CAN 

•  0 


Check  the  correct  statement (s) . 
1.    Flammable  liquids  must  not  be  stored  in  the  shop. 


2.  Oil  does  not  evaporate  rapidly  so  .it  may  be  stored  in 
open  cans. 

3.    Cleaning  solvents  will  be  stored  in  "Safety  cans." 


Answers  to  frame  22: 

1.    /        2.  3.  4.  / 


9 
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Frame  2 '4 

Oil,  grease,  and  other  flammable  substances  spilled  on  floors 
will  not  only  jzreate  fire  hazards,  but  also  slipping  hazards.  If 
spills  do  occur,  they  must  be  cleaned  immediately  with  noncombust ible 
absorbents  such  as  sand.     Floors  will  not  be  cleaned  with  flammajle 
liquids  nor  will  these  liquids  be  flushed  into  building  plumbing 
systems  and  floor  drains. 


1. 


Check  the  correct  statement (s) ♦ 

  To  reduce  fire  hazards,  water  should  be  used  to  flush  dirty 

oil  down  a  drain. 


2. 


3. 


If  you  spill  a  flammable  solvent  on  the  shop  floor  you 
must  clean  it  up  immediately. 

Gasoline  should  not  be  used  to  clean  up  spilled  oil. 


Answers  to  frame  23: 

1.     /         2.  3.  / 
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Frame  25 


Liquids  such  as  gasoline,  jet  engine  fuel,  and  flammable 
solvents  must  not  be  placed  in  open  containers  neor  electrical  equip- 
ment.   Flammable  solvents  will  not  be  used  for  cleaning  fatigue 
clothing  or  used  in  cigarette  lighters.    Vapors  trom  these  liquids 
are  explosive  and  may  ignite  unexpectedly. 


Check  the  correct  statement (s) . 
1.  Gasoline  may  be  used  for  cleaning  purposes. 


2.  Some  solvents  are  flammable. 


3.    Flammable  solvents  must  not  be  used  near  electrical 

equipment . 

Answers  to  frame  24: 

1.  2.     /         3.  / 


9 
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Frame  26 


Smoking  is  prohibited  in  areas  in  which  a  match,  flame,  spark,  or 
careless  disposal  of  smoking  material  would  be  a  fire  hazard.  Look 
for  "NO  SMOKING"  signa  in  these  areas.    Where  complete  prohibition  of 
smoking  is  impractical ,  certain  areas  will  be  clearly  marked  and 
separated  from  hazardous  areas  to  stop  the  possibility  of  fire. 
Cigarette  butts  and  burned  matches  must  not  be  placed  in  trash  cans. 
Special  "butt  cans"  will  be  provided  for  this  purpose. 


Check  the  correct  statement (s) 
!•    You  may  smoke  in  specified  smoking  areas. 

2.    You  must  not  smoke  in  areas  where  smoking  is  prohibited. 

3.   Cigarette  butts  must  be  discarded  in  trash  cans. 

4.    You  must  not  smoke  within  50  feet  of  a  hangar  or  aircraft. 

Answer*  to  frame  25: 

l._  2.  J        3,  / 
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Fran*  27 


The  following  ingredients  are  necessary  to  produce  fire: 

1.  Fuel  (gasoline,  wood,  paper,  rags,  etc.)* 

2.  Oxygen  (air). 

3.  Temperature  high  enough  to  cause  combustion. 
Elimination  of  any  one  of  these  will  extinguish  the  fire 


TEMPERATURE  *  934 

Check  the  correct  statement (s) . 

1.    Gasoline  will  not  burn  without  oxygen. 

2.    Oxygen  will  bum  without  fuel. 

•  Y 

3.  A  fire  may  be  extinguished  by  reducing  the  temperature. 
Answers  to  frame  26: 

1.    ✓         2.     /        3.  A.  / 
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Frane  28 


There  are  three  general  classes  of  fires.  They  are  Class  A,  Class  B, 
and  Class  C  fires.  Each  fire  is  classified  according  to  the  type  of  fuel' 
that  is  burning. 

Check  the  correct  statement (s) . 

  The  class  of  fire  is  determined  by  the  ignition  temperature 

of  the  fuel. 

2-   Class  A,  B,  and  C  refers  to  types  of  fuel. 

Answers  to  frame  27: 

1.     /         2.  3.  / 


29  25(J 


\ 


Fran*  29 


Fires  in  wood,  paper,  and  rags  are  typical  Class  A  fires.  They 
will  be  safety  extinguished  by  coo\ing  or  quenching  the  fire  with  water. 


Check  the  correct  fltitement(s) . 

1.    Burning  waste  paper  is  a  Class  A  fire. 

_         Burning  gasoline  is  a  Class  /  fire 

3.    Water  will  spread  jN^lass  A  fire. 

Answers  to  frame  28: 
1.  2.  ✓ 
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Fra.-e  30 


Class  B  fires  are  fires,  in  flammable  liquids  such  as  gasoline, 
oil,  and  paint.     These  fires  cannot  be  extinguished  with  water.  They 
require  fire  extinguishers  containing  smothering  agents  such  as  foen. 


Cb  t'<  the  correct  statement  (s J  • 

1.  Foai'i  cannot  extinguish  grease  fire  . 

2.  Foam  is  a  suitable  extinguishing  agent   for  CI  a 

3.  A  burning  liquid  is  a  Class  B  fire. 
Answers  to  frame  29: 


s;  B  fires, 


/ 


3. 
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F   ime  31 


Electrical  fires  are  Class  C  fires.     Electrical  shorts  in  wires, 
^-matorSs.  and  generators  produce  heat  which  causes  combustible  nv*teiials 
in  thesfe  electrical  units  to  burn.     Eicf     al  fires  must  be  extinguish^ 
with  nonconducting  smothering,  agents  such  .  ;  chlorob rcniome thane  (CB)  . 
Do  not  use  water  on  electrical  fires  as  water  conducts  electricity  a  d 
you  could  receive  a  severe  or  fatal  shock. 


Check  the  correct  s Latement (s) . 

1.  CB  should  be  used  on  Class  C  fires. 

2.  Water  may  be  used  on  electrical  fires. 

3.  Class  C  fires  are  electrical  fires. 
Answers  to  f rarr.e  30: 

1.  2.     v'         3.  v; 
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Frano  32 


Chlorofcromomethane  can  also  be  used  to  smother  CLa*^  E  fires. 
\  ^Reaeinber,  the  chenKcal  CB  can  be  used  on  both  Class  C  and  B  fires. 
~(CB  on  C  and  B  fire-.) 


ClASS  B  Ff«l 


CIA5S   C  FIR* 


1. 

2. 

3. 


Che^k  the  (orrect  statement (s) . 

CB  can  be  used  to  extinguish  oi .  or  an  electrical  generator 
firt. 

Class  A  fires  should  be  extinguished  with  CB. 

CB  extinguishes  fires  by  excluding  the  air  fr.»,  th,  fuH 
(smothering  the  fli^o). 


A-  -  --r,  to  f r.ue  31  : 


11 


2  (J  J 


9 
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Frame  33 


Carbon  dioxide  (CO  )  is  another  cht-rrical  that  can  be  used  on 
Class  B  and  C  fires.     c(L  smothers  c  fire  by  displacing  the  air 
surrc  inding  the  fire.     CO^  is  a  nonconductor  of  electricity,  so  may 
be  safely  used  on  electrical  fires.     It  may  also  be  used  to  extinguish 
typical  class  A  fires 


939 


2. 

3. 


Check  the  correct  statement (s) . 

C(>2  shojld  be  used  on  burning  vood. 
C(>2  smothers  a  fire. 

CO^  or  CB  may  be  used  to  extinguish  electrical  and 
flammable  liquid  fires. 


Answers  to  fratlle  32: 
1.     *  2.  3. 


2G4 


Frane  3 A 


Fire  extinguishing  agents  must  be  directed  at  the  base  of  the 
fire,  where  the  combustible  vapors  combine  with  air  and  ignite.  "Aim" 
the  extinguisher  nozzle  at  the  surface  of  the  material  whore  the  flames 
originate. 


1. 


Check  the  correct  statement(s) . 

  Combustible  vapors  combine  with  air  at  the  base  of  the 

fire. 


2«   You  should  "aim"  the  extinguisher  nozzle  at  the  base  of 

the  fire. 

3«  The  base  of  the  fire  is  the  top  of  the  blaze. 

AnswtiS  to  5 r  4 me  33: 

2.     /         3.  / 
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Frame  35 


If  you  report  a  fire,  give  your  name  and  location  of  the  fire, 
and  then  stand  by  to  direct  the  fire  crews  to  the  fire. 


ERIC 
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Fra-no  36 

This  frarre  is  a  review  of  the  material  on  housekeeping  and  fire 


safety.     Check  the  following  statements  that  are  correct. 

1.  There  is  no  relationship  between  fire  prevention  and 
good  housekeeping. 

2.    Gasoline  should  be  used  for  cleaning  parts. 

3.    Oily  rags  should  be  stored  in  close  ?  Tietal  containers. 

4 .    Fuels,  cleaning  solvents,  and  paints  should  be  stored 

in  the  shop. 

5.    Common  causes  of  fires  are  poor  housekeeping  and  care- 
less use  of  flammable  liquids. 

6.   Water  is  a  good  ex-frfnguishing  agent  for  Class  A  fires. 

/.    Grease  firts  are  Class  B  fires. 

®*  Burning  jet  fuel  should  be  extinguished  with  water. 

9.  _  Electrical  fires  are  Class  A  fires. 

10.    CB  is  carbon  dioxide. 

11.  Carbon  dioxide  may  be  used  to  extinguish  electrical 
fires  as  well  as  flammable  liquid  fires. 

12.  Chlorobromome thane  may  be  used  on  electrical  fires. 

13.  Extinguishing  agents  should  be  directed  at  the  top  of 
the  blaze  to  smother  the  fire. 

14.  Class  B  fires  can  be  extinguished  by  using  ext i ngui she rs 
containing  srautnering  agents  su'h  as  foa^. 

Answers     >  f  r^r~e  34  : 

1 .     *  2 .     /         3 . 


9 
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Frame  37 

i 

SAFETY  PERTAINING  TO  ELECTRICAL/ ELECTRONIC  EQUIPMENT 


DAGGER 
HIGH  VOLTAGE 


Here  is  a  sign  many  of  us  are  familiar  with.    Voltages  present  in 
shops  throughout  the  world  vary  somewhat:     110  -  220  -  440,  etc 

You  will  be  working  on  systems  thac  operate  on  AC  and  DC  voltage. 
You  must  be  constantly  alert  for  shock  hazards,  and  remember  -  it  takes 
as  little  as  10  milliamperes  (.01  ampere)  of  current  to  prove  fatal. 
Some  persons  have  beeri  fatally  injured  on  e\en  less. 

The  proper  attitude  toward  electricity  is  "don't  fear  it  -  understand 
it  and  respect  it." 


Check  the  correct  statement (s) . 

1.  Sy^ems  with  less  than  one  ampere  of  current  flow  sre 
not  dangerous •  , 

2.    Systems  with  less  than  one  ampere  of  current  flow  can 

be  fatal. 

3.  _         The  amount  of  voltage  in  shops  may  vary  from  one  location 

to  another  location. 

Answers  to  frame  36: 

1.       _     2«.„„      3--_Z_     4-   5.     /         6.  7.  / 

8.  9.  10.  11.     /       12.     /       13.  14.  / 


9 
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Fra.no  33 


While  working  around  electrical  or  electronic  circuits  you  must 
remove  your  rings,  metal,  wrist  band,  watch,  or  other  metallic  objects 
which  could  act  as  conductors  of  electricity  and  cause  shocks,  burns, 
or  electrocution.     So,  form  the  habit  of  removing  jewelry  before  doing 
electrical/electronic  work  or  while  performing  maintenance  on  or  around 
aircraft.     Repeated  exposure  to  shock  may  cause  bursitis,  contraction 
or  dilation  i:i  the  walls  of  blood  vessels,  and  muscles  can  be  seriously 
affected. 


Check  the  correct  statement (s) • 

1.  Severe  burns  can  result  from  rings,  contacting  ,5live!l 
electrical  circuits. 

2.  Wearing  a  wrist  watch  on  the  arm  is  a  potential  hazard 
while  working  on  "live"  electrical  circuits. 

3.  Repeated  exposure  to  electrical  shock  has  no  after 
effect  on  the  body. 

Answers  to  frame  37: 

1.  2.     /         3.  / 
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Frame  39 


Due  to  the  many  different  systems  that  employ  electrical/electronic 
principles,  we  will  not  attempt  ro  list  the  safety  precautions  tt^at  may 
be  involved  in  each.    However,  before  performing  maintenance  on  th«*se 
systems,  you  will  comply  with  all  the 


instructions  contained  in  the 


appropriate  technical  orders,  manuals,  handbooks,  and/or  applicable 
directives-     Below  are  examples  taken  from  a  technical  order  on  a  B-52D 
type  aircraft. 


WARNING 


If  you  observe  an  individual  being  electrically  shocked,  DON'T 

JUST  STAND  THERE  -  DO  SOMETHING!     First,  shutoff  the  circuit.     If  the 

^    circuit  cannot  be  turned  off  without  delay,  free  the  victim  from  the 
live  conductor.  Remember: 

1,  DO  NOT  touch  the  victim  with  your  bsre  hands. 

2.  Protect  yourself  by  using  dry  insulating  rtafcerial: 

a.       a  dry  boards  your  belt,  dry  clothing  or  other  non- 
conducting material. 

Check  the  correct  statement (s) . 

1.  An  aircraft  technical  order  will  list  any  electrical 
hazard  peculiar  to  a  system. 

2.  The  bare  hands  should  never  be  used  to  remove  a  shock 
victim  from  a  live  circuit. 

3.  A  shock  victim  should  not  be  removed  from  a  live  circuit, 
under  any  c  1 1  rumst  ant  <*s  ,       til   the  circuit    is   turned  off. 

Answers  to  fr.iine  38' 
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Frame  40 

The  flight  line  can  be  a  very  Interesting  and  fascinating  place 
due  to  aircraft  taxiing  back  and  forthj  some  being  towed,  and  others 
parked  on  the  ramp.     In  these  situations  it's  easy  to  forget  the  hazard 
that  forever  lurk  about  on  the  flight  line.     One  area  where  only  one 
mistake  can  cost  your  life  is  the  exhaust  of  an  operating  jet  engine. 
Directly  behind  the  engine,  the  temperature  is  1600°F,  and  the  velocity 
is  950  knots.     Imagine  yourself  absent-mindedly  stepping  behind  this 
death  trap.    Never  come  any  closer  to  the  exhaust  of  an  operating  jet 
engine  tjian  200  feet,  and  this  includes  while  you  are  in  a  vehicle. 
Remember,  lack  of  knowledge,  improper  attitude,  and  inattention  are 
the  real  hazards. 


1600°F  AT  MAX  THRUST 


950  KNOTS 


R -  458 


Check  the  correct  statement (s) . 

1-    The  sate  distance  behind  an  operating  jet  engine  is 

200  feet. 

2*  _         Safety  is  not  easily  forgotten  on  the  flight  line, 

3.   Temperature  and  velocity  is  not  a  safety  factor  if  the 

engine  is  not  operating  at  maximum  thrust. 

Answers  to  frame  39: 

1.     /         2.     /  3. 


Frame  41 


If  blast  deflectors  are  positioned  behind  the  engine  being  op-rated 
then  it  is  permissible  to  come  within  100  feet  of  the  exhaust.     The  blast 
cfeYlector,  besides  reducing  physical  hazards    also  Preve^fnut"'^^S> 
rocks,  sticks,  and  other  rubbish  more  commonly  known  as  F  0  s  (Foreign 
Objects)  from  being  blown  on  to  active  runways  and  taxi-ways. 


STAY  100FT  BEHIND  ^ 
BLAST  DEFLCCTOR 


Check  the  correct  statement (s) . 

If  deflectors  are  used,  the  on/y  hazards  that  exist  are 
~         F  O's. 

'  Using  deflectors  prevents  F  O's  from  blowing  on  to  taxi-ways. 

100  feet  is  a  safe  distance  behind  exhausts  if  deflectors 
are  used. 


Answers  to  frame  40: 
1.     /         2.  3. 
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Frame  42 

Jet  engines  have  hugB  appetites,  and  will  consume  anything  in  the 
immediate  area.     The  minimum  distance  you  should  be  from  an  operating 
jet  engine  intake  (see  frame  40)  is  25  feeu.     Keep  all  nuts,  bolts, 
screws,  and  tools  off  the  intaka  cowling  and  out  of  the  reach  of  the 
intake.  ,  Any  one  of  these  items  could  result  invthe  loss  . f  the  aircraft 
and  crew.    Always  report  missing  tools  which  might  have  fallen  into  the 
engine . 


DANGER  AfR  E  A 


R  -  456 


Check  the  correct  statement (s) . 

You  should  stay  23  feet  from  the  intake  of  an  operating 
jet  engine. 

_„_„_  If  you  lose  a  tool,  get  it  when  the  aircraft  returns. 

Laying  tools  on  the  intake  is  okay  as  long  as  you  pick 
them  up  later 

_  Keep  all  nuts,  bolts,  and  screws  picked  up. 

Answers  to  frane  41: 
1.  2.     /         3.  / 


2. 
3. 
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Frame  43 


Therg^will  be  times  when  you  have  to  vork  around  the  engine  while 
itis  operating,  especially  checking  systems  where  test  equipment  can 
not  simulate  an  "engine  run.11     If  this  is  the  case,  you  should  stay  a 
minimum  of  5  feet  to  the  rear  of  the  intake  as  illustrated  in  the  picture 
below. 


Check  the  correct  statement (s) 


R    4  57 


1. 

2, 
3, 


You  should  stay  a  minimum  of  5  feet  to  the  rear  of  an 
operating  jet  engine.  - 

You  will  not  work  around  a  jet  engine  while  it  is  operating. 

You  will  be  work'ng  around  the  engine  while  it  is  operating 
to  check  out  some  of  your  systems. 


Answers  to  frame  42: 
1.     /         2.  3. 
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Devices  rotating  at  tremendously  high  rpm  (revolutions  per  min) 
might  disintegrate.     Therefore,  we  must  be  well  aware  of  where^  these 
hazards  exist.    Note  the  red  lines  around  the  engine  in  frame  43. 
These  indicate  the  plane  of  rotation  of  the  engine's  turbine  wheels. 
When  possible  you  should  stay  clear  of  these  areas.     On  aircraft  with 
reciprocating  engines,  there  will  be  red  lines  painted  around  the 
fuselage  to  indicate  the  planes  of  rotation  of  the  propellers  .  The 
tips  of  the  propellers  will  be  painted  yellcw  go  they  will  be  visible 
while  spinning.     This  is  to  help  preve  t  someone  from  walking  into  them. 


BEWARE  OF  SPINNING  PROP  ^ 


R-  ,60 


Complete  the  iullowing  statements. 

1.      The  propell^p^tips  are  painted  _  _  in  color  so  they 

will  be  j_    while  spinning. 


2.  THp  red  oank  around  the  fuselage  of  a  jet  engine  indicate 
the  of  of  the  turbine  wheel. 

3.  Dt /ices  the.:  rotate  at  high  revolutions  per  minute  are 
dangerous  be^  .vse  they  might   _  ^  . 

Answers  to  frame  A3: 

1.  2.  3.  / 
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Frame  45 

Before  you  enter  an  aircraft  make  certain  someone  has  insta 
the  goat  down  lock  safety  pins.     The.  a  f'ns  prevent  the  _air££**-f£  from 
collapsing  on  you.     They  are  easily  identified  by  the  red  streamers 
attached  to  thorn  and  the  words  "remove  before  flight." 


Oice  you  have  seen  that  these  pins 
are  installed  (see  ^hoto),  look  in  th^ 
cockpit   (jet  aircraft)  and  see  if  similar 
pins  have  been  installed  in  the  ejection 
seats.     mese  seats  are  real  killers  if 
y^u  trigeex  one  of  them.     Ii  they  have  no 
pins  and  streamers        D0N!T  GET  IN.  Notify 
the  crewchief  immediately.     It  takes  a 
specialist  that  understands  them  to  render 
the  seats  harmless.     See  the  photo  to  the  right. 


(INSIDE  COCKPIT) 
INITIATOR  SAFETY  PIN 


Conplet*-  the  following  statement. 

It  is  permissible  to  work  in  the  aircraft  if  red  streamers  and 

are  inst^lj-ed  in  the  proper  places. 

Answers  to  fr.jne  44: 

1.  yellov,  visible   f  "en  or  something  to  that  effect) 

2.  pJane  of  rotutiun 
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When  you  must  work  tiv  X^e  cockpit  area,  respect  your  lack  of 
knowledge  oN  other  systems.     Also,  beware  of  flipping  switches,  pushing 
buttons,  and' moving  levers  which  could  cause  drop  tanks  to  fall,  a 
drag  chute  dot^r  or  speed  brake  surface  to  open,  or  a  bomb  bay  door  to 
close  on  sotaeone  and  shear  him  in  half.     Usually,  a  sign  will  be  dis- 
played if  an  out-of-the-ordinary  hazardous  condition  exists  in  which 
someone  might  be  injured. 


/ 


' 7 


Complete  the  following  statement: 

i 

When  a  job  requires  you  to  be  in  the  cockpit  ar^a,  you  should 


n£ver 

that  is  not  associated  with  your  systems. 
Answer  to  Frame  45: 
Safety  Pins 


J* 


9 
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Frame  47 


Wing  and  door  ed^es  are  razor  sh.^rp  on  some  aircraft  tmd  have  been 
known  to  cause  serious  cuts  and  scars.     Wings  are  extremely  slippciy  afu-r 
a  rain  or  early  morning  d^w.     If  you  slip  from  a  wing,  you  can  be  sure 
concrete  is  waiting  below.     Fast  acting  canopies  account  for  nvny  sd«nts 
involving  the  amputation  of  arms  and  whatever  else  might  get   in  their  way. 


Response  Pequi  red 

Answer  to  frame  46: 

rLip  switches,  push  buttons  or  move  ltvers   (_-r  similar  words'^), 
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Work  on  aircraft  frequently  ells  for  the  use  of  maintenance 
stands.     Ihese  stands  con  in  an  assortment  of  si?es  and  designs.  Re- 
gardless of  the  purpose  fur  which  a  particular  stand  was  intended,  you 
will  find  that  once  you  hdve  climbed  aboard,  a  fall  from  it  could  cau^e 
serious  injury.     For  thib  reason,  handrails  and/or  safety  pins  are 
provided  with  them.     Stands  with  removable  railings  will  be  in  place 
before  maintenance  petsonnex  begin  working  on  aircraft  from  these  stands, 


DECK 
lor  floor) 


RAISING 

a 

LOWERING 
UNIT 


-WORKSTAND- 


The  handrail   (A)  provides  a  gripping  surface  and  will,  if  you 
should  stumble,  keep  ^ou  from  taking  a  nasty  fall. 

The  safety  pin  (B) , vproperl y  installed  in  the  device  that  raises 
the  stand  Into  the  ?ir,  wil.  keep  the  f    ^d  from  collapsing  with  you 
or  on  you. 

Complete  the  statement  below: 


will  prevent  injury  to  the  user  i'    the  lifting 
sybtea  should  fail.     Injur)  due  to  falling  over  the  edge  of  the  stand 
will  usually  be  prevented  b>  the  use  of 


m 

Frame  49 


Check  the  statement*:  that  are  correct; 

1.  As  little  as  10  milliampe  <  s  of  current  can  be1  fatal. 

2.  Watches,  rings  and  other  Jewelry  are  shock  hazards 
when  working  on  electrical/electronic  circuits. 

\ 

3.  Before  working  on  -systems  that  employ  eiectrical/electronic 
principles,  you  shou Ld  comply  with  instructions  given  in' 
technical  orders,  et<:. 

4#  Temperature  and  wind  velocity  is  not  a  safety  factor 

if  a  jeL  engine  is     ot  operating  at  maxim   i  thrust. 

5#  :Q0  feet   is  the  minimum  safe  distance  behind  the  exhaust 

of  a  jet  where  blast  deflectors  are  used. 

6.  The  minimum  safe  distance  to  be  in  front  of  an  operating 
jet  engine  is  5  feet. 

7.  You  will  NEVER  work  around  a  engine  while  it  is 
operating  (running). 

8.  Ihe  tips  of  propellers  are  painted  yellow  so  they  may 
be  seen  while  spinning. 

9.  Safety  pins  should  be  installed  in  any  ejection  seat  * 
system  before  entering  the  cockpit  to  work. 

10.  Handrails  properly  installed  cn  a  maintenance  stand 
will  prevent  the  device  that  raises  the  stand  into  the 
air  from  collapsing.  —  ^ 

11.  The  main  reason  for  removing  a  wrist  watch  while  working 
on  electrical/electronic  circuits  is  to  prevent  magnetic 
damage  to  the  watch. 

Answer  to  frame  48: 

safetjy  pi^s  handrails^ 


ERIC  2  Si) 
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Noise  on  the  flight  line  is  an  ever  present  danger.     If  not  respected, 
it* can  cause  serious  damage  to  your  hearing;  sometimes  even  deafness. 
The  presence  of  extremely  loud  noise  can  interftro  with  speech  com- 
munications, hearing,  and  cause  mental  and  physical  "FATIHU"- M  which 
in  turn  can  jeopardize  your  job  performance.     The  Air  Force  recognizes 
the  seriousness  of  this  hazard,  and  issues  earmuffs  and  earplugs  "which 
must  be  used  when  in  high  intensity  noise  areas.     These  devices  offer 
the  protection  needed  while  performing  your  job.     The  three  things  that 
determine  the  effect,  noise  has  on  the  ears  are,  intensity,  frequency, 
and  duration.     The  fatensity  is  the  greatest  at  115°  to  155°  to  the'' 
rear  of  the  nose  of  the  aircraft.     The  unit  of  measurement  of  sound 
.  ^    (noise)  is  the  "Decible."  - 

J  s 


"Mickey  Mouse"  Ear  Muff<rAand  E^TpJugs. 


180* 


Types  of  ear  protectors  (defenders) 


Cher'-:  tht  corr-.vt  9tat 


>t(s)  : 


J  . 


Ear  pro tors  should  be  wcr..  .tt  all  times  in  hi;/ 
intensity  noise  are,?:-, . 


2. 


Wearing  earplugs  a!one  of  fern  as  much  protection  as 
using  both  muffs  an i  plugs  toget'n  r. 


3. 
A, 


Loud  noise  can  cause  cental   rat  igue 

Noise  intensity  is  the  greatest  at  113°  f  »Vi  to  th- 
re,  .  of  the  ijcse  of  the  aircraft, 


An -wl  r  to  frame  49  : 


1*.  » 
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Frame  51 


While  we  are  on  *_he  subject  of  sounds  and  injury,  there  ^re 
sounds  above  our  ability  to  hear.     These  are  called  radio  frequency 
transmissions  (electromagnetic  radiation  is  another  common  expression 
for  it).     This  radiation  is  given  orf  by  high  frequency  transmitters 
(antennaes),  such  as  Radar  and  Electronic  Counter  Measure  Devices. 
The  source  of  this  hazard  is  Oxten  hidden  behind  the  nose  cone  of  an 
aircraft;  therefore,  we  may  come  unsuspectingly  in  contact  with  it. 
The  terrific  energy  radiated  by  these  antennae  can  cause  burns  beneath 
the  skin,  cataracts  over  the  eyes,  and  can  even  cause  flash  bulbs 
to  ignite  and  steel  wool  to  burn.     The  presence  of  this  energy, 
since  it  is  invisible,  may  not  be  readily  apparent  since  burns  will 
rL^ult  before  the  pain  is  felt. 

^ote:     Relation  occurs  only  along  a  line  directly  in  front  of 
the  antenna;  however,  some  antennae  swing  in  an  arc  or  a  circle. 
For  the  minimum  safe  distance,  applicable  aircraft  technical 
orders    uould  be  referred  to  as  the  distance  will  vary  from 
aircraft  to  aircraft  due  to  the  type  of  systems  installed. 


The  best  protection  against  this  unSten  men  ice  is  to  ic  t-\u.^ 

D'^*^*  f^*^-  high  frequency  electromagnetic  radiation  and  to  steer 
Lclear  of  aircraft  and  fixed  antennae  that  are  *n  operation. 

Check  the  correct  statement  (s)  : 

1.  K\  ect  remain h  k  I  c  radiation  •  n\  he       <  t  . 

2.  Operating  tv-iP  emitters  aie   r»-.ilil>  vi* 

3.  Know  the  minimum  saf*„  di   '  jni.e  and  •>«  u  will  not  be 
in )  ured , 

-  .-  v  .  s  to  f  r        jQ  : 

v  2.  1.     »  4,  / 
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Nuclear  (atomic)  radiation  is  probaoly  the  least  likely  hazard 
to  be  encountered  on  the  flight  line.     It  might  exist,  however,  in  the 
event  an  accident  should  occur  while  handling  one  of  these  weapons 
or  if  an  aircraft  carrying  one  of  them  should  crash.     Then,  too,  one 
of  our  planes  may  fly  through  a  contaminated  zone;  and  upon  its  return, 
require  maintenance  on  one  of  our  systems.    However,  under  normal  cir- 
cumstances, the  aircraft  will  be  decontaminated  (washed  down  with  soap 
and  water)  b>  the  flight  line  crews  before  any  maintenance  is  performed. 
Radiation  can  be  emitted  from  many  other  sources,  but  all  sources  will 
be  marked  by  the  Radiation  Placard  shown  below.     Materials  that  are 
radioactive  will  be  so  marked  that  the  symbol  can  be  seen  from  any 
direction  of  approach.     Study  the  symbol;  its  shape  and  colors. 


This  symbol  appears  on  AFTO  Form  9  and  9  series  MB"  through 
MF,"  and  warns  personnel  of  radiation  and  radioactive  hazardous  area, 
or  materials . 

Check  the  correct  statement (s) : 


DANGER-* 


I.  BLACK 


3.  RED 


2.  YELLOW 


1. 


If  you  see  the  above  symbol,  but  haven't  hoard  an 
explosion,  it  is  safe  to  disregard  it, 


2. 


AFTO  Form  9  warns  us  of  ha*arc's  dut  to  high  fre^ioncy 
noi  se . 


3. 


A*  TO  Form  9  has  a  red  backgrou-ul , 


AFTO  Form  9  series  warns  us  of  radioactivity  and 
radiation  hazards. 


Answer  to  frame  53 : 


2. 


3. 


53 


Frame  53 


If  you  should  wu_'<  on  or  be  near  contaminated  equipment,  you  will 
be  under  the  supervision  of  medical  personnel  and  a  monitoring  team. 
In  addition,  you  must  wear  a  film  badge  or  "dosimeter"  so  the  amount 
of  radiation  (dosage)  you  have  received  can  be  measured  and  p  t  in  your 
medical  records/    ion  will  not  be  allowed  to  accumulate  too  imny  "Roentgens." 
The -roentgen  is  the  unit  of  measurement  of  radioactivity. 

Complete  the  following  statement: 

Radiation  dosage  is  i^-uMired  by  a  _    _,ur 

and  is  expressed  in  units  of  measurement  tailed   

Answer  to  f  r.    a  52  : 


1. 


2. 


4. 
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Frame  54 


Cigarettes,  cokes,  candy,     etc,  will  not  be  carried  or  consumed 
while  in  a  contaminated  area.     After  working  in  or  around  a  contaminated 
area,  you  will  shower  and  be  checiced  to  see  if  you  have  removed  all 
the  radiation  particles.     If  you  are  completely  free  of  them,  you  will 
dress  in  clean,  contamination  free  clothing.     Any  waste  materials  from 
the  cleaning,  let's  say,  from  a  contaminated  aircraft  will  be  disposed 
of  by  burial  downwind  from  the  maintenance  activity.     P^rts  that  <.  e 
radioactive  will  be  marked  (Frame  52)  with  one  of  the  AFTO  Form  9 
series.     One  of  the  early  effects  of  radiation  over-exposure  is  nausea. 

Match  the  terms  in  column  A  to  the  terms  in  column  B  by  placing 
the  number  in  the  space  provided. 


Column  A 

Column  B 

1. 

Radiation  placard 

a . 

Method  of  disposing  of  contaminated 

2. 

Roentgen 

waste . 

3, 

Burying 

 b. 

Not  allowed  in  contaminated  areas. 

4. 

Dosimeter 

c . 

Measures  radiation  dosage. 

5. 

Smoking 

d . 

AFTO  Form  9, 

e . 

Unit  of  measurement . 

Answers  to  frame  53: 

Film  badge  or  dosimeter  Roe_nt_gens 


9 
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2*0 

This  completes  the  programmed  text  on  safety.    Ask  your  instructor 
for  i-he  test  on  the  safety  information  you  have  just  completed. 

Answers  to  frame  54: 

3a.  5b.  4c.  Id.  2  e. 


9 
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FORWARD 

This  programmed  text  was  prepared  for  use  in  the  Environmental  Pneudraulic 
m 

Branch,  Instructional  System.    The  materials  herein  were  validated  with   

students  from  the  subject  course.    At  least     S  of  the  students  achieved 

whe  objectives  as  stated* 


OBJECTIVES 

The  fol7    Ing  objectives  pertain  to  the  Aircraft  Environmental  System 
Mechanic  Course.    Students  enrolled  in  the  3ABR42331  course  will  only  accomplish 
the  following  objectives. 
SECTION  I 

Select  elements  used  to  make  up  the  aircraft  designation  system 
with  a  minimum  of  80  *  accuracy 
SECTION  17. 

Select  the  tenr"  and  elements  of  the  aircraft  station  numbering 
system  with  a  minimum  of  802  accuracy. 
SECTION  III 

Select  major  aircraft    ^sterns  when  given  thpir  purpose  with  a 
minimum  of  80%  accuracy. 
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INSTRUCTIONS 

Use  the  response  sheet  and  place  all  your  answers  on  it,    DO  NOT  WRITE  IN 
THIS  BOOK.    This  program  presents  information  in  sections: 
SECTION  I    Aircraft  Designation  System 
SECTION  II    Aircraft  Station  Numbering  System 
SECTION  III    Major  Aircraft  Systems 

In  each  section  you  will  find  the  program  presents  the  information  in  small 

L 

steps  called  "FRAMES  .    After  reading  each  frame,  you  are  normally  asked  to  ' 
select  an^answer  or  , make  an  entr/  that  sh&ws  you  understand  the  information  in 
that  frame.    Check  the  accuracy  of  your  work  with  the  answers  supplied  at  the 
end  of  each  section.    If  you  responded  incorrectly,  find  out  why  you  missed  the 
question.    You  can  do  this  by  reaccomplishing  the  frame  ox  the  section.    If  you 
still  continue  to  have  incorrect  responses  consult  your  instructor.    Insure  you 
have  taken  corrective  measures  for  your  incorrect  responses  before  you  move  on 

to  the  next  frame,  section  test  or  text.    If  you  have  correctly  responded, 

** 

cdntinue  working  as  directed  in  the  progi.im. 

After  completion  of  this  program  texts  response  sheet  (all  three  sections) 
consult  your  instructor  so  you  may  be  given  the  test  on  this  program. 

Now  turn  to  SECTION  I,  Frame  1  and  begin. 
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9VI 

FRAME  2 


AIRCRAFT 

DEFINITION  -  An  air  vehicle  designed  primarily  for  flight  in  the  atmosphere 
which  has  incorported  in  its  basic  design  the  ability  or  requirement  for  human 
occupancy . 


On  the  response  sheet  place  "T"  for  true  and  "F"  for  false  for  the  following. 
   1.    jn  aircraft  will  always  have  the  requirement  for  human  occupancy. 


2»0 

ERIC 


US' 

FRAME  3  EXAMPLE  *  G  R  3  -  52  A  01 


BASIC  DESIGNATION- 


J 


DEFINITION  -  The  minimum  combination  of  letters  and  numbers  required 
to  identify  a1^H|tely  an  aerospace  vehicle. 

On  the  response  sheet  place  "T"  for  true  and  "F"  for  false  for  the  following. 


_1.    Letters  are  the  only  things  used  to  identify  adequately  an 
aerospace  vehicle. 


* 
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FRAME  4 

AEROSPACE  VEHICLE  DESIGNATION  SYSTEM 
All  military  aerospace  vehicles  will  be  assigned  a  basic  designation 
consisting  of  items  listed  in  Frame  5  through  Frame  10,  as  applicable, 
in  the  order  shorn. 

4 

NO  RESPONSE  REQUIRED 
GO  TO  NEXT  FRAME 


2.92 


FRAME  5 

EXAMPLE  >     G  R  B  -  52  A  01 

STATUS  PREFIX  SYMBOL  1 

This  symbol  (letter),  if  applicable,  indicates  an  aerospace  vehicle  which 
is  not  standard  because  of  test  instrumentation,  modification,  experiment  1, 
or  prototype  design.    For  aircraft,  the  symbol  will  be  placed  at  the  immediate 
left  of  the  modified  mission  symbol  or  the  basic  mission  symbol  in  the  absence 
of  the  former.    Attachment  1  contains  the  authorized  status  prefix  symbols, 
at  the  end  of  this  section.    Turn  to  attachment  1  and  discover  the  letter, 
title  and  discription  which  are  utfed  for  status  prefix  symbols. 
\ 

Without  looking  attachment  1,  on  your  response  sheet  mark  the  correct 
answer  for  the  following. 

1.  The  status  prefix  symbol  "G"  shown  in  the  example  above  has  the  title, 

a.  permanently  grounded. 

b.  experimental. 

c.  prototype. 

d.  planning. 

/ 

2.  Experimental  arerospace  vehicles  will  use  which  letter  for  status  prefix 
symbols? 

a.  J 

b.  N 

c.  X 

d.  Y 


293 
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1  <- 

FRAME  6 

EXAMPLE  ^    G  R  B  -  52  A  01 

MODIFIED  MISSION  SYMBOL 
This  symbol  will  consist  of  s  prefix  letter  placed  at  the  immediate  left  of 
the  basic  mission  of  the  aircraft.    Normally,  only  one  modified  mission  symbol 
will  be  used  for  any  one  designation.    Attachment  2  contains  the  authorized 
modified  mission  symbols  at  the  end  of  this  section.    Turn  to  attachment  2 
and  discover  the  letter,  title  and  discription  which  are  used  for  modified 
mission  symbols* 

Without  looking  in  attachment  2,  on  your  response  sheet  mark  the  correct 
answer  for  the  following* 

1.  The  modified  mission  symbol  "R"  shown  in  the  example  above  has  the  title, 

a.  special  electronic  installation. 

b.  reconnaissance. 

c.  transport. 

d .  rescue 

2.  An  aerospace  vehicle  will  use  which  modified  mission  symbol  letter  to 
Identify  a  tanker? 

a.  C 

b.  P 

c.  K 

d.  T 

On  the  response  sheet  mark  "T"  for  true  and  "F"  for  false  for  the  following. 

3.   The  example  given  above  tells  you  the  aircraft  has  been  modified  to 

a  reconnaissance  aircraft  and  alao  has  beeu  permanently  grounded. 


2 
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FRAME  7  EXAMPLE   *  G  R  B  -  52  A  01 

A 

BASIC  MISSION  AND  TYPE  SYMBOLS   

The  basic  mission  s/mbol  (letter)  denostes  the  primary  function  of  cabability 
of  an  aircraft.    Mission  and  type  symbols  denote  the  mission  and  type  of  aircraft 
other  than  fixed  wing.    An  aircraft  identified  by  a  type  symbol  such  as  ,fH"  for 
helicopter  will  be  further  identified  by  either  a  mission  symbol  or  a  modified 
mission  symbol,  but  not  both.    Attachment  3  contain    the  authorised  basic  mission 
and  type  symbols  at  the  end  of  this  section.    Turn  to  attachment  3  and  discover 
the  letter,  title  and  discription  which  are  used  for  basic  mission  and  type 
symbols. 

Without  looking  in  attachment  3,  on  your  response  sheet  mark  the  correct 
axtswer  for  the  following. 

1.  The  basic  mission  and  type  symbol  "B"  shown  in  the  example  above  has  the  ^itle, 

a.  attack. 

b.  bomber. 

c.  tanker.  ,* 

d.  transport. 

2.  An  aerospace  vehicle  will  use  which  basic  mission  and  type  symbol  letter  to 
identify  a  tanker? 

.  a.  C 

f 

b.  K 

c.  T 

d.  X 

On  the  response  wheet  mark  "T"  for  true  and  "F11  for  false  for  the  following. 

3.  The  example  given  above  tells  you  the  aircraft  was  a  bomber  and 
has  been  modified  to  a  reconnaissance  mission  and  has  been  permanently 
grounded , 
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FRAME  8 


EXAMPLE 


G  ft  B  -  52  A  01 


DESIGN  NUMBER 


This  number  denotes  changes  within  the  same  basic  aerospace  vehicle.  Design 
numbers  will  be  assigned  consecutively  beginning  with  "1"  for  each  vehicle.  A 
dash  will  be  inserted  between  the  basic  mission  symbol  and  the  design  number  for 
all  aerospace  vehicles. 

The  above  example  shows  this  was  originally  a  8-52  (bomber)  aircraft  which 
is  the  52nd  design  number. 


B-l,  Bn2,  B-3,   -,  B-24,  B-25,  ,  B-52,  ,  B-58,  -  -  B-66,  etc. 

On  the » response  wheet  mark  MTM  for  true  or  MF"  for  false  for  the  following. 


1.  The  example  given  below  tells  you  the  aircraft  was  a  bomber  and  modified 
to  refueling  aircraft  and  has  been  permanently  grounded  and  also  is 
the  52nd  tanker  in  the  design  number  sequence. 


Examples: 


EXAMPLE: 


G  R  3  -  52  A  01 


bERJC 


Mi 


fcHAHE  9 


EXAMPLE 


G  R  B  -  52  A  01 


SERIES  SYMBOL  

A  letter  after  the  design  number  denotes  the  Initial  production  model  and 
follow-on  major  modifications  to  an  aerospace  vehicle.    This  change  is  made 


when  it  results  in  significant  difference  affecting  the  relationship  of  the 
vehicle  to  the  original  aircraft  production  model.    Series  symbol  letters 
will  be  assigned  consecutively,  beginning  with  "A".    To  avoid  confusion,  the 
letters  "I"  and  "0"  will  not  be  used  as  series  letters. 

Example: 

B-52A,  B-52B,    B-52E,  B-52F,  B-53G,  B-52H,   etc. 

C-130A,  C-130B,    C130E,    CloOJ,  C-130K,    etc. 

On  yotji?;  response  sheet  mark  the  correct  answer  for  the  following. 


1.    In  the  example  GRC  -  24D01  which  letter  is  the  series  symbol. 


a. 


G 


b. 


R 


C 


d. 


D 
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FRAME  10 


EXAMPLE- 


->  GRB-52AO 


9 


BLOCK  NUMBERS- 


The  production  block  numbering  system  will  consist  of  the  assignment  of 
production  blocks,  starting  at  01,  next  05,  and  progression  in  multiples  of  five 
after  05.    Intermediate  *°ock  numbers  will  be  reserved  for  field  modifications 
and  will  be  applied  by  the  using  military  department. 


Multiples 
of  Five 


Field 
modifications 


On  your  response  sheet  mark  the  correct  answer  for  the  following. 

1.    The  block,  number  in  the  aircraft  designation  GRB-52G23  shows  that  the 

a.  production  block  number  is  "20"  and  the  intermediate  block  number  for 
fieli'  modifications  is  "23". 

b.  production  block  number  is  "23"  and  the  intermediate  block  number  for 
field  modifications  is  "03". 

c.  production  block  number  is  "52"  and  the  intermediate  block  number  for 
field  modifications  is  "02". 

d.  production  block  number  is  "52"  and  Lw»  intermediate  block  number  for 
field  modifications  is  "23". 
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FRAME  11  EXAMPLE   63  -  545143 

CONTRACT  YEAR—  1 

Sequence  of  Manufacturing  


SERIAL  NUMBER- 


The  method  of  assigning  serial  numbers  is  at  the  discretion  of  the  using 
military  department.    As  shown  in  the  above  example  the  first  two  numbers  in 
front  of  the  dash  is  the  contract  year  of  the  aircraft.    The  group  of  numbers 
to  the  right  of  the  dash  is  the  number  assigned  in  the  sequence  of  manufacturing 
the  aircraft. 

On  the  response  sheet  mark  "T"  for  true  or  "F"  for  false  f  x  the  following. 
1.  The  contract  year  is  not  part  of  the  aircraft  serial  number. 


NOTE:    In  the  three  attachments  you  will  find  the  most  common  titles  underlined. 


X 


23S 


FRAME  12 

Identify  each  part  of  the  aircraf :  designation  given  below.    You  wil1  do 
this  by  selecting  the  correct  identification  in  cc lumn  1,  than  write  its  letter 
in  the  correct  circle  under  the  airctaft  designation.    DO  NOT  WRITE  ON  THIS  PAGE. 
You  are  to  do  'this  work  on  the  response  sheet. 


X  S  C  -  129  C  03 


Column  1 

a.  Block  numbers  (Frame  10) 

b.  Design  number  (Frame  8) 

c.  Serie3  symbol  (Frame  9) 

d.  Status  prefix  symbol  (Frame  5 

e.  Modified  mission  symool  (Frame  6) 

f .  Basic  mission  and  type  symbols  (Frame  7) 


NOTE:    If  you  make  an  error  study  the  required  frames  as  needed  before 
go  to  frame  13. 


you 


3uo 


FRAME  13 

If  you  have  made  an  error  on  frame  12  be  sure  you  restudy  the  required 
frame (s)  before  you  start  this  frame. 

Identify  each  part  of  the  aircraft  designation  given  below.    You  will  do 
this  by  selecting  the  correct  identification  in  column  1,  then  write  its  letter 
in  the  correct  circle  under  the  aircraft  designation.    DO  NOT  WRITE  ON  THIS  PAGE. 
You  are  to  do  this  work  on  the  response  sheet. 


TRF-4D03 


e.  Modified  mission  symbol  (Frame  6) 

f.  Basic  mission  and  type  symbols  (Frame  7) 

NOTE:  If  you  make  an  error  in  this  frame  you  should  go  back  and  restudy  frames 
1  through  13. 

After  finishing  frames  1  through  13  correctly  go  on  to  SECTION  II. 
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LETTER  *  TITLE 

0*  Ptrrmnently  Grounded 

J  Special  Test,  Temporary 

N  -  Spfeaal  Test,  Permanent 

X  Experimental 

Y  Prototype 

Z  Planning 


STATUS  PREFIX  SYMBOLS 
AEROSPACE  VEHICLES 


DESCRIPTION 


Aircraft  permanently  grounded  and  utilized  for  ground  instruction  and 
training. 

r  #  ■ 

*  Aerospace  vehicles  on  special  teat  programs  by  authorized  organizations  or 
on  bail  men*  contract  having  a  special  test  configuration  or  whose  installed 
property  has  been  temporarily  removed  to  accommodate  the  test. 

Aerospace  vehicles  on  special  test  programs  by  authorized  activities  or  on 
bailment  contract,  whose  configuration  is  so  drastically  changed  that  return 
to  its  original  configuration  or  conversion  to  standard  operational 
conf  iguration  is  beyond  practicable  or  economical  limits. 

Aerospace  vehicles  in  a  6'  veloprptnt  experimental  stage  where  the  basic 
mission  symbol  and  design  number  have  been  designated,  but  not 
established  ss  a  standard  vehicle.  ^ 

Aerospace  vehicles  procured  in  4imited  quantities,  usually  before  production 

deciiion,  to  serve  as  models  or  patCema. 

Aerospace  vehicles  in  the  planning  or  oredevelopment  stage 


*Apptiet  only  to  aircraft 


Attachment  1 


LETTER  TITLE 
A  AtUck 


C  Transport 

0  Director 

E       Special  Klcctrnmc 
Installation 


H       Search  Rescue 

K  Tanker 

L       Cold  Weather 


M 
0 


Q 
R 


T 

U 


Mine  Countermeasures 
Observation 

Patrol 

Drone 

Reconnaissance 
Antisubmarine 

Trainer 

Utility 


V  Staff 
W  Weather 


MODIFIED  MISSION  SYMBOLS 
AIRCRAFT 

DESCRIPTION 

Aircraft  modified  to  search  out.  attack,  and  destroy  enemy  land  or  sea  targets,  using 
conventional  or  special  weapons.  Thia  symbol  also  describes  aircraft  used  for  interdic- 
tion and  close  air  support  missions. 

Aircraft  modified  for  the  carriage  of  personnel  or  cargo. 

Aircraft  modified  for  controlling  drone  aircraft  or  a  missive. 

•  Aircraft  modified  with  electronic  devices  for  employment  in  one  or  more  of  the  follow- 
ing mission*: 

(1)  Electronic  countermeasures. 

(2)  Airborne  early  warning  radar. 

(3)  Airborne  command  and  control,  including  communication*  relay. 

(4)  Tactical  data  communications  link  for  all  nonautonomous  modes  of  (light. 

Aircraft  modified  and  equipped  for  performance  of  search  and  rescue  missions. 

Aircraft  modified  and  equipped  to  provide  in-flight  refueling  of  other  aircraft. 

Aircraft  modified  for  operation  in  the  Arctic  and  Antarctic  regions;  includes  skis, 
special  insulation,  and  other  ancillary  equipment  required  for  extreme  cold  weather 
operations. 

Aircraft  modified  for  aerial  mine  countermeasures  and  minesweeping  missions. 

Aircraft  modified  to  observe  (througn  visual  or  other  means)  and  report  tactical 
information  concerning  composition  and  disposition  of  enemy  forces,  troops,  and 
supplies  in  an  active  combat  area. 

Long-range,  all-weather,  multi-engine  aircraft  operating  from  land  and/or  water  bases 
modified  for  independent  accomplishment  of;  antisubmarine  warfare;  maritime  recon- 
naissance; and  mining  function. 

Aircraft  modified  to  be  controlled  from  a  point  outside  the  aircraft. 

Aircraft  modified  and  permanently  equipped  for  photographic  or  electronic  reconnais- 
sance missions. 

Aircraft  modified  so  that  it  can  function  to  search,  identify,  attack  and  destroy  enemy 
submarines. 

Aircraft  modified  and  equipped  for  training  purposes. 

Aircraft  modified  for  a  capability  of  performing  multiple  missions  such  as  battlefield 
support,  localized  transport,  and  special  4ight  missions.  These  aircraft  will  include 
those  having  a  small  payload. 

Aircraft  modified  to  provide  nemmodationa  such  aa chairs,  tables,  lounge,  berths,  etc., 
for  transporting  nintt  |»er»nniiel. 

Aircraft  modified  and  equipped  for  meteorological  missions. 


Note:    Above  you  will  find  the  most  common  titles  tmdlerUned. 


Attachment  2 

303 
ERIC  . 


B 

c 

E 


K 
0 


R 

S 

T 

U 


Bombtr 

Transport 

Special  Electronic 
Installation 


Helicopter 

Tanker 
Observation 


P  Patrol 


Reconnawnancr 
Antisubmarine 

Trainer 


Utility 


V*  VTOL  ami  STOL 
X  Rrscareh 


BASIC  MISSION  AND  TYPE  SYMBOLS 
AIRCRAFT 

DESCRIPTION 

Aircraft  deigned  to  search  out,  attack,  and  destroy  enemy  land  or  sea  targets,  using 
conventional  or  special  weapons.  Thia  aymfeol  alao  applies  to  aircraft  used  for  interdic- 
tion and  close  air  support  missions. 

Aircraft  designed  for  bombing  enemy  targets. 

Aircraft  designed  primarily  for  carrying  personnel  or  cargo. 

Aircraft  equipped  with  electronic  devices  for  employment  in  one  or  more  of  the  follow- 
ing missions: 

(1)  Electronic  countcrmcasurts. 

(2)  Airborne  early  warning  radar. 

(3)  Airborne  command  control  including  communications  relay. 

(4)  Tactical  d^ta  communications  link  for  all  nonautonomoua  modea  of  flight. 

Aircraft  designed  to  intercept  and  destroy  other  aircraft  and/or  missiles  (includes 
multipurpose  aircraft  also  designed  for  ground  support  missions),  for  example,  inter- 
diction and  ft  lose  air  support. 

RoUry-wing  aircraft  designed  with  the  capability  of  flight  in  any  plane,  for  example, 
horizontal,  vertical,  or  diagonal.  K 


:raft  designed  for  in-flight  refueling  of  other  aircraft. 


craft  designed  to  observe  (through  visual  or  other  means)  and  report  tactical 
information  concerning  composition  and  disposition  of  enemy  forcea,  troops  and 
auppitej  in  an  ^tive  combat  area. 

Long-range,  all-weather,  multiervdnc  aircraft  operating  from  long  and/or  water  hases 
designed  for  independent  accomplishment  of:  antisubmarine  warfare;  maritime  recon- 
naissance; and  mining  function. 

Aircraft  designed  to  perform  reconnaissance  missions. 

Aircraft  designed  to  search  out,  detect,  identify,  attack,  and  destroy  enemy  subma- 
rine^. 

Aircraft  designed  for  training  personnel  in  the  operation  of  aircraft  or  related  equip- 
men.,  and  having  provisions  for  instructor  personnel. 

Aircraft  designee  with  a  capability  of  performing  multiple  missions  such  as  battlefield 
support,  lev  ied  transport,  and  special  light  missions.  These  aircraft  will  include 
thou*  having  a  email  paytoad. 

Airu«ft  designed  for  vertical  takeoff  or  landing  with  no  takeoff  or  landing  roll,  or 
aircraft  capable  of  takeoff  and  landing  in  a  minimum  prescribed  distance. 

Aircrnft  rinugmii  fur  testing  cmifigurminn  of  *  relics!  nature.  These  aircraft  sre  not 
normally  intended  for  use  as  tactical  aircraft. 


1  Type  Symbols 


Note:    Above  you  '/rill  find  the  most  common  titles  underlined. 


Attachment  3 
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CORRECT  RESPONSES  FOR  SECTION  I 
Frame  9 

1.  _d  

Frame  10 

1.  _a  

Frame  11 

1.  _F  

Frame  12 
a 
c 

x 

*  Frame  13 
a 
c 

e 

d 


SECTION  II 
AIRCRAFT  STATION  NUMBERING  SYSTEM 


Frame  1 


la  this  portion  of  the  lesson  the  station  numbering  system  will  be 
covered. 

.Military  aircraft  have  become  so  large  and  contain  so  much 
equipment  that  it  has  become  necessary  to  devise  a  system  for 
locating  the  various  units.    No  doubt,  you  are  familiar  with  the 
way  most  cities  are  laid  out  with  two  dividing  streets  intersecting 
each  other  at  right  angles  in  t*ie  heart  of  the  city.    Any  point 
in  the  city  can  be  located  with  reference  to  these  two  lines.  The 
same  principle  is  employed  in  locating  parts  of  an  aircraft  except 
that  a  third  reference  line  is  needed  because  the  aircraft  has  three 
dimensions,  namely,  length,  width,  and  height.    Diagrams  of  the 
station  numbering  system,  as  well  as  the  terms  used  in  the  system, 
are  shown  and  defined  in  the  following  grames. 

On  the  response  sheet  write  the  correct  answer  for,  the  following.^ 
The  purpose  of  the  station  number  system  is  to: 

a.  aid  in  the  location  of  various  parts  or  units. 

b.  aid  in  the  use  of  the  data  collection  system. 

c.  be  use/1  in  the  number  sequencing  of  aircraft. 

d.  aid  in  the  identification  of  types  of  aircraft. 
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PRAMS  1  (cent) 


ILLUSTRATION  FOR  FRAME  1 


-JLL 


if  A I 

•  fl-IOOT  IUTTOCK  UNI,  0ltfAMCf  'N  A  MOItZONTAl  FiANI 
MlAtUSIO  MO»  TNI  VIITIC1I  ^  Of  TNI  AlOlAMt  IO0T 

m  iifNfi  otiicnoN 

Wl-WATM  UNI.  OltTANCI  *f  ASl»fc|»  AlOVf  A  NOllZOMTAl 
yiATUM  WITH  TNI  tOTTOM  OP  TNI  iO»T  l|TW||N  IO0T 
STATIONS  )*#  ANO  1114  A$  Wl  100 


•  S  — SOOT  STATION.  OUTANCI  MOM  A  *Ot  N  f  57  INCMIS  >Ot- 
WAIO  Of  TNI  NOSI  TO  A  PlANft  M  IMN0ICUI A  ft  TO  TMl 
IO0V  i  IN  INCMIS 


Body  stations  (BS)  are  distances  measured  in  inches  from  a  point  forward 
of  the  nose  (STA  0)  aft  along  the  fuselage  to  the  tail  of  the  aircraft.  These 
stations  are  planes  cutting  through  the  fuselage  at  right  angles,  which  are  theu 
numbered.    The  number  of  a  station  tells  how  many  inches  it  is  from  station  of^T 
The  station  0  being  forward  of  the  nose  allows-for  aircraft  to  be  lengthened 
without  changing  the  station  numbering  system. 
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♦ 

303 

Fraae  1_  (cant) 

On  the  response  sheet  mark  the  correct  answer  for  the  following. 

1.  Distances  from  a  point  forward  of  the  nose  of  an  aircraft  aft  along 
the  fuselage  tc  the  tail,,  are  called 

a.  Water  Lines  (WLs). 

b.  Body  Buttock  Lines  (BBLs). 

c.  Body  Stations  (BSs). 

d.  Reference  Datum  Lines  (RDLs). 

2.  Body  station  number  180  means  that 

a.  station  is  180  inches  from  previous  station. 

b.  station  is  180  inches  from  tail  section  of  the  aircraft. 

c.  station  is  180  inches  from  station  '0". 

d.  180  is  just  any  number  assigned  with  no  additional  meaning. 


i 


303 

4 


30H 

Frame  3 


Body  Buttock  Lines  (BBLs)  are  distances  measured  in  inches,  right 
and  left  from  the  vertical  centerline  of  the  fuselage.    These  lines 
run  parallel  to  the  vertical  centerline  and  are  numbered  just  as 
fuselage  body  stations  are  numbered.    Those  on  the  left  of  the  center- 
line  are  indicated  by  the  letter  fTL"  and  those  on  the  right  by  the 
letter  "R". 


0 


Body  Buttock  Lines 


On  the  response  sheet  write  the  correct  answers  iof  the  questions  below. 


1.  Body  Buttock  Lines  are  measured  in  inches  for  and  aft  of 
the  horizontal  centerline  of  the  aircraft. 

2.  BBL  40L  means  that  this  Body  Buttock  Line  is  located  on 
the  left  side  of  the  fuselage  and  is  40  inches  long. 

3.  BBL  40R  means  that  this  Body  Buttock  Line  is  located  on 
the  right  side  of  the  fuselage  and  is  located  40  inches 
from  the  vertical  centerline. 


3ll) 
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Frame  4 


0  WATER  LINE 


One  more  reference  line  is  needed  to  fix  the  location  of  a  uni 
This  line  starts  somewhere  below  the  lowest  part  of  the  fuselage- 
Horizontal  parallel  lines  are  drawn  upward  from  this  point  and 
numbered*    The  numbers  tell  how  many  inches  the  lines  are  above 
this  lowest  point.    These  are  called  Water  Lines  (WLs). 

Circle  the  correct  response  to  the  following  statement. 

Water  Lines  are  distances  measured  in  inches  from  a  point 

a.  parallel  to  the  vertical  centerline. 

b.  below  the  lowest  part  of  the  fuselage. 

c.  to  the  right  of  the  vertical  centerline. 

d.  forward  of  the  nose. 


3<* 

FRAME  5 


Using  the  above  illustrations,  write  the  designated  numbers  next 
to  the  correct  nomenclature  listed  below.    More  than  one  number  may 
be  used  for  each  nomenclature. 


a.    Body  Stations  (BS) . 


Jb.  Body  Buttock  Lines  (BBL) . 
c.    Water  Line  (WL). 


Note:    If  you  missed  any  of  the  above  questions,  DO  NOT  GO 

ANY  FURTHER  in  this  text.    Review  frames  1  through  4  in  Section  II,  until 

you  understand  the  information  and  can  answer  the  above 

questions  correctly. 

When  finishing  frames  1  through  5  in  section  II  go  on  to  Section  III 
Frame  1. 
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CORRECT  RESPONSES  FOR  SECTION  II 

Frame  1 
a 

Frame  2 


2  c 
Frame  3 

1.  F 
*      2-  F 

Frame  4 
b 

Frame  5 

a.  1  &  3 

b.  5 

c.  2,4, &6 


1 
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SECTION  III 
MAJOR  AIRCRAFT  SYSTEMS 
In  this  section  we  will  cover  major  aircraft  systems  such  as;  propulsion, 
pneumatic  system,  fuel,  pneudraulic  (hydraulic),  and  electrical  systems.  These 
systems  should  be  operational  if  an  aircraft  is  to  make  a  safe  flight. 


3l4 


\ 


FRAME  2 


The  propulsion  (engine)  sy9te^  provides  oower  (thrust)  to  get  the 
aircraft  moving  and  keep  it  airborne. 


*  alternator(s) 

*  generator (s) 

*  hydraulic  puarp(s)  * 
and  provide  pneumatic  air  power. 

The  two  types  of  engines  most  commonly   "*ed  on  today's  aircraft  are 
the  reciprocating  (piston)  and  the  jet  engine. 

On  the  response  sheet  place  "T"  for  true  or  "F"  for  false  for  the  following. 
1.    The  two  types  of  propulsion  systems  most  commonly  used  on  today's 

aircraft  are  reciprocating  and  piston. 
 2.    The  propulsion  system  provides  the  power  to  get  th«j  aircraft 

airborne . 

 3.    Alternators  and  generators  may  be  driven  by  the  engine.  f 


The  engine  may  also  drive 


3/0l 

Frame  3  1 

Hany  military  jet  aircraft  use  a  pneumatic  system  (air  power) 
to  drive  air  turbine  motors  to  operate  the  hydraulic  pumps,  generators, 
alternators,  and  also  supply  air  for  the  air  conditioning  system  and 
ouch  more. 

This  air  comes  from  Che  compressor  section  in  the  jet  engine. 
This^ompressor  has  two  purposes,  compress  air  for  engine  combustion 
and  also  to  supply  compressed  air,  or  Engine  Bleed  Air  (EBA)  for  the 
pneumatic  system.    EBA  air  comes  to  the  pneumatic  system  uhder  pressure 
and  high  temperature. 


.  COMPRESSOR 


FUEL 


COMBUSTION  SECTION 


Engine  Bleed  Air-*  4, 
(EBA)  * 


Alv  Turbine  Motor 




0 


s 


Generator-* 


EXHAUST  SECTION 


Lamp- 


On  the  response  sheet  write  the  correct  answer  for  the  following. 
*  1.    The  compressor  in  tu    jet  engine 

a.  wil-  provide  combustion  for  the  let  engine, 

b.  will  provide  compressed  air  for  the  engine  combusion  and 
supply  EBA  for  air  conditioning. 
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FRAME     4  . 

The  fuel  system  provides  storage  for  large  quantities  of  fuel  and  also 
supplies  guel  to  the  engine (s)  at  the  correct  pressure  and/or  quantity.  Without 
fuel  or  a  fuel  system,  the  propulsion  systems  (engines)  are  not  going  to  operate. 
The  fuel  system  may  use  pneumatic  air  from  a  jet  engine  and/or  electric  fuel 
pumps  to  supply  fuel  to  the  engines. 

On  the  response  sheet  place  MTM  for  true  or  "F"  for  false  for  the  following- 
 1.    The  fuel  systems  provide  the  storage  space  for  fuel  and  supply 

fuel  to  run  the  engines. 
 2.    A  powered  aircraft  can  make  a  sustained  flight  without  fuel  or 

a  fuel  system. 

 3.    Only  pneumatic  power  is  used  to  supply  fuel  to  the  engine (s). 
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Frame  5 

The  aircraft  hydraulic  (Pneudrauiic)  system  works  on  the  same  principles 
as  a  farm,  auto,  or  industrial  hydraulic  system.    Just  as  the  modern  car  has 
power  steering,  so  have  most  of  today's  modem  aircraft.    The  hydraulic  system 
provides  the  pilot  with  power  steering  on  the  landing  gear  for  maneuvering 
and  braking  on  the  ground.    It  also  provides  power  for  controlling  the  flight 
control  surfaces  (elevators,  rudder,  ailerons,  etc.)  while  in  flight. 

There  are  many  other  items  that  depend  on  the  hydraulic  system. 
Some  of  th";se  systems  are  the  cargo  door(s),  inflight  refueling  boom, 
flight  control  surface^),  brake(s),  etc.    You  will  come  in  contact  with 
most  of  these  systems  on  the  flight  line. 

On  the  response  sheet  write  the  correct  answer  for  the  following. 

1.  Moving  flight  control  surface (s)  is  primarily  done  with  ✓ 
*  a.    hydraulic  pressure. 

b.  electricity. 

2.  Steering  the  aircraft  and  braking  the  aircraft  on  the  ground  is 
primarily  done  with 

a.  hydraulic  pressure. 

b.  electricity. 
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Frast  6 

Most  of  today's  modern  aircraft  electrical  power  is  alternating 
current  (AC)  and/or  direct  current  (DC).    This  power  can  be  supplied  by  the 
alternator (s),  generator  (a),  and  batteries.    These  sources  of  power  suppl;- 
power  for  the  aircraft  lighting,  electrical,  instrument (s) ,  electronic 
system(s),  etc. 


On  the  response  sheet  write  the  correct  answers  for  the  following. 
1.    Host  of  today's  aircraft  electrical  power  is  supplied  by 

a.  only  DC  power  sour  e(s).  v 

b.  only  AC  power  source(s). 

c.  both  AC  and  DC  power  sources. 


When  you  have  finished  correctly  SECTION  I,  II,  AND  III  see  your  instructor 
and  request  the  test  on  these  three  sections.  If  you  have  any  questions  on 
any  part  of  these  three  sections  see  your  instructor  before  you  request  the 
test. 

0 
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'  CORRECT  RESPONSES  F ' "  SECTION~nr 

"?WPt  1 

No  rwponie 
FraM  2 

2.  T 

3.  „T 
Fru»  3 
1.  b 
Frane  4 

1.  T 

3.  F 
Fruw  5 

1.  a 

2.  a 
Frane  6 
1.  e 
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FOREWORD 


3lt  . 

Ihi,  program***  text  w..  prepared  for  use  in' the  3AMK2231  instructional 
~?rl ftTa-tarta!  contained  herein  has  been  velideted  using 
S£r;2o5\£££.  «lS  in  tte  3ABR42231  course.    Ninety  percent 
iSLSrSS«f  this  text  surpassed  the  criterion  celled  for  in 
the  wrovmu\es.on  objective.    The  everege  etudent  required  93 
minutes  to  complete  the  text. 

OBJECTIVES 

1.  Select  fro.  e  liet  the  correct  etmospheric  compoeition 
percentage*. 

2.  Correctly  choose  stttements  that  describe  the  effect  altitude 
has  on  density,  pressure,  volume  end  temperature. 

3.  Identify  areas  of  an  illustration  to  show  the  relationship 
between  velocity  and  pressure. 

4      Select  stetements  thet  correctly  describe  the  relationship 
between  volume,  tempereture,  pressure,  velocity  and  density. 

5.  Match  terms  with  their  definitions. 

6.  Secognise  the  physicel  difference  between  Fahrenheit  and 
Celsius  (centigrade)  scales. 

7.  With  no  reference  met.rUl  -  convert  Celsius  to  Fehr.nh.it 
«d  Fahrenheit*©  Celsius.    Conversion  will  be  approximate. 

8.  Identify  the  states  of  setter  by  libeling  material,  with  the 
term  thet  applies  to  them. 

Standard  of  Performance 

the  minimum  ecceptable  performance  will  be  achieved  by  etteining 
at  least  70%  on  the  criterion  test. 

IHTRODOCTION 

r    *<m  a  taxt  you  will  become  ecqueinted  with  the  subjects 

S^JM^S-SSaSffiS. 


tint  fram. 
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Wa  find  that  tha  entire  aarth  ia  composed  of  matter  and  energy. 
Energy  will  ba  discussed  In  detail  in  anothar  programmed  taxt  so  we 
will  dlacuaa  only  "matter."   Matter  is  ANYTHING  that  HAS  WEIGHT  and 
OCCUPIES  SPACE.    Mat tar  ia  found  in  thraa  physical  states,  solid, 
liquid,  or  gas.    You  era  already  familiar  with  "solids"  such  as  stone, 
iron,  steal,  trees,  paper,  and  many  others. 

From  tha  list  below,  select  those  things  that  are  in  their 
SOLID  atate  at  room  temperature. 

a.  Hater  e.  oxygen 

b •  copper  f .  helium 

c.  wood  books 

d.  iron  h.  paper 

PROCEED  TO  FRAME  2 


Frame  2 

Liquid  doaa  not  have  a  definite  shape  as  solids  do,  but  tends  to 
take  on  tha  shape  of  tha  container  it  ia  in.  Examples  of  liquids  are 
water,  gasoline,  oil,  etc. 

From  this  list  of  materials  put  an  "S"  in  front  of  the  mstter 
that  ia  in  ita  aolid  atate  and  an  "LM  in  front  of  those  that  are  in 
tha  liquid  atate. 

a.   water  e.   kerosene 

b.   wood  f  •   concrete  ^ 

c.   plaatic  J.   paper 


d.        ma_m  gasoline 


PROCEED  TO  FRAME  3 


3?3 


CORRECT  RESPONSE  TO  FRAME  1:    b,  c,  d,  g,  h. 

CORRECT  RESPONSE  TO  FRAME  2:    a.    L  jt  b.    S  »  c.    S  ,  d.    L  ,  e.  _L_> 


Frame  3 

Solids  have  a  definite  shape,  liquids  seek  their  ova  level  and 
taka  on  tha  shape  of  tbair  container.    GASES  alto  assume  tha  shapa  of 
tha  container  in  which  thay  are  confined,  but  thay  can  be  squeezed 
down  to  fit  into  a  smaller  container  or  simply  allowed  to  float  away. 
Examples  of  gaaeous  substances  are  steam,  oxygen,  and  hydrogen.  Some 
of  these  are  also  invisible. 

In  the  list  below,  indicate  the  solids  by  placing  an  S  in  front 
of  the  materials  that  are  solids,  an  L  for  the  liquids,  and  a  C  for 
the  items  that  are  normally  found  in  their  gaseous  state. 


a.  _ 

 sand 

 m  water 

____  carbon  monoxide 

i. 

 salt 

c. 

gasoline 

J-  . 

  diamonds 

d. 

 milk 

k. 

 air 

e. 

____  steam 

1. 

  plywood 

f. 

  cement  (dry) 

«. 

  oxygen 

I-  _ 

  helium 

n. 

 oil 

PROCEED  TO  FRAME  4 
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Certain  tans  will  be  used  throughout  this  study  of  physics  and 
throughout  your  tour  as  a  specialist.    Wa  will  familiarise  you  with 
them  as  wa  go.    Whan  wa  speak  of  setter  we  generally  refer  to  an 
amount  of  matter  in  this  manner;  "the  MASS  of  gold  in  a  bucket  is 
25  lbs. "   Naturally  we  are  referring  to  how  much  is  in  the  bucket 
and  axpreas  that  quantity  in  terse  of  weight.    Then,  the  naea  of 
gold  in  the  bucket  is  25  lbs*  (pounds).    Suppose  for  a  moment  the 
bucket  Is  full  of  oxygen!  Let^lriay "its  mesa  is  5  lbs.    If  we  close 
the  bucket,  compress  some  oxygen  and  stuff  it  into  the  bucket,  the 
mesa  will  be  increased  to  10  lbs  or  maybe  mora.    What  haa  happened 
then  ia  this  -  by  aquae  ting  the  oxygen  we  have  moved  the  oxygen's 
molecules  closer  together  so  more  of  them  will  fit  into  the  bucket. 
Wa  have  Increased  the  DENSITY  of  the  oxygen;    It  can  be  seen  then 
that  the  oxygen  will  be  heavier.    Mass  and  Density  are  both  measure- 
mants  of  quantity  but  the  mass  Is  expressed  as  weight.  Another 
example  of  density  is  -  A  forest  has  100  trees  on  one  acre  of  ground. 
The  for.tst:  next  to  it  haa  800  trees  on  one  acre  of  ground.  Which 
area  of  forest  hes  the  greatest  density?    The  acre  with  800  trees 
is  8  times  as  dense  as  the  acre  having  only  100  trees.    They  are 
packed  closer  together. 

This  statement  describes  DENSITY  very  wej.1. 

'The  amount  of  mass  in  a  given  space ." 

True  or  Felse? 

PROCEED  TO  FRAME  5 


Frame  5 

The  term  "FORCE"  applies  to  the  total  push  or  pull  on  matter. 
Example:    If  a  tank  is  filled  with  water  and  that  water  weighs  100  lbs, 
it  is  pushing  down  on  the  bottom  of*  the  tank  with  a  FORCE  of  100  lbs. 
The  total  force  on  the  bottom  of  the  tank  is  100  lbs. 

Underline  the  correct  answers  for  each  of  the  statements  below. 

a.  500  lbs  of  cement  pushrs  down  on  the  earth  with  a  total 
force  of  500  pounds.    (True)  (False). 

b.  "Total  push  or  pull  on  matter"  is  the  definition  of  1.  mass, 
2.  density,  3.  force. 

PROCEED  TO  FRAME  6 
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CORRECT  RESPONSES  TO  FRAME  1: 

CORIECT  RESPONSES  TO  FRAME  4: 
CORRECT  RESPONSES  TO  FRAME  5: 


a.    S  ,   b.    Gaut    c.    L  i    d.    L  , 

i.    S  ,    j.  JL_$   k.    0  ,    1.  js_, 

m.    0  i    u.    L  ♦ 

True. 

True,  Force. 


Frame  6 

PRESSURE  Is  a  term  that  you  have  hear!  many  times.    It  is  used 
when  we  wish  to  express  the  force  applied  to  a  given  area  and  Is 
Matured      pounds  per  square  inch  (pel).    Example:    A  tank  having 
100  lbs  of  water  has  a  total  force  on  Its  bottom  of  100  lbs.    But  - 
if  the  tank's  bottom  area  Is  100  Inches  square,  then  It  will  have  a 
PRESSURE  of  1  pound  par  square  Inch.    Since  the  pressure  is  one 
pound  per  square  inch,  and  the  bottom  of  the  tank  is  100  inches 
square,  the  total  force  is  100  pounds. 

Refer  to  the  Illustration  below  and  answer  the  questions  that 
follow  by  underlining  the  correct  answer. 


a.  Total  (Force)  (Pressure)  on  the  bottom  of  the  tank  is  100  lbs. 

b.  Area  of  the  bottom  of  the  tank  is  (10  inches)  (10  square  inches). 

c.  Pressure  in  this  tank  la  (100  lbs)  (100  pel)  (10  lbs)  (10  psi) 
(1000  lbs)  (1000  psi).  ' 

PROCEED  TO  FRAME  7  ~ 
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Frame  7 

As  s  form  of  nvltv  Batch  the  tanas  In  Column  A  with  the 
definitions  or  statements  In  Column  B  by  piecing  the  letter  of 
the  ten  next  to  the  definition  or  statement  It  matches. 


Colum  A 

Colum  B 

a. 

pressure 

1.   

 hes  e  definite  shape. 

b. 

liquid 

2. 

assumes  the  shape  of  Its 

container. 

c. 

setter 

3. 

total  )uih  or  Dull  on  mttar. 

A\ 

solid 

A 

*»  • 

force  applied  to  a  given  area. 

e. 

force 

f. 

5. 

amount  of  mess  In  a  given  area. 

gas 

6. 

can  be  compressed  (squeezed  down) 

g* 

density 

to  fit  a  container. 

7. 

has  weight  and  occupies  space. 

PROCEED  TO  FRAME  8 


frame  8 

You  eey  already  be  acquainted  with  the  term  VELOCITY.    It  Is 
co—only  used  when  we  are  talking  about  the  speed  and  direction  of 
something.    Example:    If  we  ere  talking  about  how  fast  a  bullet  Is 
traveling  as  It  leaves  the  muzzle  of  a  rifle,  we  cell  it  muzzle 
velocity.    The  term  velocity  generally  Includes  direction  as  well 
as  speed. 

Units  of  measurement  for  velocity  ere  -  miles  per  hour,  feet  per 
second,  etc.,  to  mention  e  few  of  the  more  common  ones.    For  Instance, 
en  automobile's  velocity  might  be  60  miles  per  hour. 

HO  RESPONSE  REQUIRED 

PROCEED  TO  FRAME  9 
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COUBCT  lESMRSES^TO  FRAME  6:    a.  force,    b.  10  aq.  in.,    c.  10  pal. 

C01MCT  RESPONSES  TO  FRAME  7:    1.  _d_f    2._b,    3.  j^,    4.    a  , 

5.    g  .    6.    f  »    7.    c  . 

COUIECT  RESPONSES  TO  FRAME  8.    NONE  REQUIRED  .  " 

Frame  9 

Humidity  ia  a  word  nearly  a  vary  on  a  haa  heard.    We  use  it  when  we 
jfefer  to  the  glgture  in  the  air.    You  will  hear  it  often  as  you 
continue  through  thla  career  field > 

Write  the  correct  term  in  the  apace  beside  its  definition. 
Terme  are  in  the  left  column  and  definition!  in  the  right  column. 


Humidity 

Velocity 

Density 

Solid 

Liquid 

Gaa 

Matter 


a. 

b. 
c. 
d. 
a. 
f. 
8* 


can  be  compreaaed. 

ham  a  definite  shape. 

speed  and  direction  of  an  object. 

has  wulght  and  occupies  space. 

moisture  In  the  air. 

amount  of  mass  in  a  given  apace.' 

assumea  the  shape  of  it a  container. 


PROCEED  TO  FRAME  10 
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Answers  to  Fr 

a.  gaa 

b.  eolld 

c.  velocity 

d.  matter 

e.  humidity 

f.  denalty 

g.  liquid 
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He*  that  you  ara  fudliir  with  iom  of  th«  ttna  u.ad  in  our 
cum*  fiald,  wa  will  go  on  to  ton*  of  eh*  aubjacts  with  which  they 
ara  ssaodatad.    So  you  will  aaa  what  happens  to  a  faa  (air  fcr  exampla: 
••  it  passes  through  plp««  in  our  aysteas,  va  have  drawn  «n  illuatration 
totlow^tnat  ehowe  the  relationship  between  praeeura  and  valocity  Aa 
you  atudy  tha  illustration,  kaap  this  fact  in  aind  -   

IF  TBI  Slid AMOUNT  OF  All  LEAVES  A  PTPB  AS  ENTERS  IT,  PRESSURE 
WILL  BE  GREATEST  WHERE  TBS  DIAMETER  IS  LARGEST  AND  VELOCITY  WILL  BE 
GREATEST  WHERE  VTBE  DIAMETER  IS  SMALLEST.    Look  at  tha  illustration  as 
*e  explain  thia.   Notice  th«  dieaeter  of  Point  A  la  tha  aana  aa  tha 
diaaeter  o/.  Point  C.    If  at  Point  A  tha  Valocity  la  100  aph  it  will 
alao  ba       aph  at  Point  C.    BUT  it  will  be  auch  hlghar  (aay  500  aph) 
at  Point  a.    Praaaura  at  Pointe  A  and  C  la  100  pal  but  at  Point  B  la 
only  20  pal. 


Aa  proof  of  thia  "praeeura-valocity"  relationship  hold  a  placa  of  papar 
aa  shown  balow  and  blow  a  high  apaad  straaa  of  air  ac-ose  tha  top  of 
tha  papar.  \ 


Notlca  that  aa  tha  valocity  of  air  lncraaaaa  the  papar  novaa 
upward  toward  It!  Doas  thia  look  Ilka  tha  praaaura  la  high  whan 
tha  valocity  la  high?  NO  -  instaad  a  low  praaaura  araa  occura  whara 
tha  valocity  la  high  and  bacauaa  tha  pjejeuro  balow  tha  papar  la  high 
(and  tha  valocity  la  saro) ,  tha  high  praaaura  air  balow  ruahea  up 
toward  tha  low  praaaura  araa  tjove  lam  papar  puahing  tha  papar  DP 
with  it. 


NO  RESPONSE  REQUIRED 
PROCEEF  TO  FRAME  11 
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ma.  U 


Notice  that  In  the  Illustration*  below  wa  have  mad*  n  ctmpnrttcon  lu*lw«vu 
the  preaauree  and  velocities. 


S  psi 
10'  aph 


S  pal 
10  aph 


25  aph 
20  pal 


100  <* 
5  pa 


25  aph 
20  pal 


Tha  praaaura  dropa  aa  tha  velocity  of  tha  air  Increases  as  It  rushes 
through  tha  narrow  part  of  tha  pipe.  r 

Think  of  e  squadron  of  alraan  In  formation  ALL  trying  to  get  through 
a  door  et  tha  sea*  tin*.    If  aa  aany  get  through  the  door  aa  enter  It  without 
anyone  stopping,  soaa  one  la  going  to  have  \o  run  through  that  door.  The 
velocity  (apeed)  has  lncreaaed.    The  kejr  here  1 ;  that  aa  aany  leave  aa  eater. 
In  the  illustration  below  write  the  word  "High"  c •  "Low"  next  to  the  terae 
Velocity  and  Praaaura  according  to  what  It  ahould  be  at  than  point. 


VIIOCITY 
MfSSURE 


veioc 


SS'4l 


VIIOCITY 


iiiiiniimimiiim 
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VELOCITY.  LOW  VELOCITY  HIGH 
PRESSURE  HIGH     PRESSURE  LOU 


VELOCITY  LOW 
PRESSURE  HIGH 


Frame  12 


Since  our  systems  dea^L  largely  with  air  and  its  velocity, 
temperature,  densfty,  volume,  and  pressure,  we  will  look  into  the 
relationship  between  them.    Changing  one  of  them  has  some  effect  on 
the  others. 

If  a  tank  is  filled  with  air  (a  gas),  th^  cap  is  placed  on,  and 
the^  the  tank  is  squeezed  down  to  where  its  volume  (volume  is  how 
much  it  can  normally  hold)  becomes  much  less,  what  will  happen? 


Right  -  the  density  of  the  air  increases  inside,  that  is,  all  0 
of  the  air  molecules  are  squeezed  closer  together  so  that  as  they 
move  around  more  and  more  of  them  strike  the  walls  of  the  "tank.  As 
more  of  them  strike  the  tank  the  force  inside  becomes  greater  and 
greater  until  finally  -  FOW,  the  tank  explodes  or  pops  it's  seams. 

Underline  the  correct  answers  to  the  questions  or  statements 
below. 

V* 

a.  If  the  volume  of  a  tank  is  decreased,  the  pressure  inside 
will  (increase)  (decrease). 

b.  TtUd  nolacules  of  the  air' are  squeezed"  together  if  the 
volume  of  the  tan1,  is  decreased.    (True)  (False). 


PROCEED  TO  FRAME  13 


/ 


9  . 
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CORRECT  RESPONSES  TO  FRAME  12:    a.    increase,    b.  true* 


Frame  13 

Have  you  noticed  how  HOT  a  compressor  become*-**,  the  air  is 
compressed  and  forced  into  the  storage  tank?    If  the  air  is  compressed, 
the  density  increases.    All  of  the  molecules  of  air  are  squeezed 
closer  together  and  more  of  them  strike  the  wall  of  the  tank*  They 
also  get  hot  from  robbing  against  each  other  and  the  inside  wall  of 
the  tank.    These  things  happen  then  if  a  gas  (air)  is  compressed. 

The  pressure  increases. 
The  temperature  Increases. 
The  density  increases. 

See  the  difference  between  these  two  drawings. 


There  are  12  molecules  of  gas  in  each  of  these  two  containers, 
but  something  has  happened, 

Underline  the  correct  wcrd  in  the  statements  below. 

a.  Tank  A  has  the  (greater)  (smaller)  VOLUME. 

b.  Tank  A  has  the  (greater)  (least)  DENSITY. 

g.      Tank  B  has  the  (higher)  (luwer)  TEMPERATURE. 

d.      Tank  B  has  the  (greatest)  (least)  PRESSURE. 

'  e.     The  walls  of  tank  ffRff  are  being  struck  by  the  gas  molecules 
(most  often)  (lea*»t  often). 

f.      Friction  between  the  molecules  will- be  greater  in  tank  (A)  (B) . 

PROCEED  TO  FRAME  14 
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Frame  1* 


Looking  it  it  a  little  differently,  we  can  mo  that  if  instead  of 
compressing  thm  gas  wo  EXPAND  It,  some  intoroating  thinga  happen. 
Have  700  ever  seen  a  avail  C02  cartridge  fired?    Like  the  ones  uaed 
in  model  boats,  racera ,  or  aifplanee.    Remember  how  the  cylinder 
FROSTED  over?  *  * 

As  the  volume  expanded,  the  ges  case  from  e  smell  volume  in  the 
cylinder  to  e  large  voluae  (the  outalde  air  around  the  cylinder) ,  the 
molecules  moved  far  apsft.     The  denalty  of  the  gas  has  decreased  is 
another  way  of  saying  it.    The  preeeure  and  temperature  have  dropped 
at  the  outlet  of  the  cylinder.    Low  pressure,  cold  temperature! 


ESCAPING  GAS  ^ 


V 


OUTICT 


o  o0< 


COLD 
lAttOg  VOLUME 

tO W  MESSURE 
LOW  DENSITY 


HlGH.PRESSUit& 
HIGH. DENSITY 

SMAU'VQIUME 
HOT 


co2  Cylinder 

INCREASING  THE  VOLUME 


From  this  example  underline  the  correct  words  in  the  statements 
that  follow. 

As  the  volume  of  a  gas  increases  OUTSIDE  of  the  container: 

a.  the  denalty  (Increases")  (decreases). 

b.  the  temperature  (increases)  (decreases), 

c.  the  pressure  (increases)  (decreases). 

d.  the  jas  is  being  (compressed)  (expanded). 

PROCEED  TO  FRAME  15 


MS 

COUECT  RESPONSES  TO  FRAME  13:    e.    greater,    fc.    leest,    e.  higher, 

d.    greatest,  e.    most  often,    f.  B. 

CORRECT  RESPONSES  TO  FRAME  14:    a.    decrease*,   b.  decreases, 

c.    decreases,    d.  expanded. 

Pram  IS 

» 

Below  is  an  illustration  of  a  "cooling  turbine."  Notice  how  it 
resemble*  the  agitator  in  a  washing  machine  or  a  water  pump  impeller 
in  a  car.  * 


OUTLET 


COtO.lOw 

pRessuat  air 


INLET 


HOT. HIGH 

patssufif  AIR 


High-pressure,  high-temperature  air  is  blown  from  a  pipe  onto  the 
large  end  of  the  turbine  where  the  turbine  then  EXPANDS  the  air  b£ 
rapidly  spinning  it  outward  at  a  tremendous  rate. 

Remember  what  you  already  know  about  air  that  has  been  expanded? 

Underline  the  correct  word  in  e  ch  statement  below.    You  may 
refer  to  the  illustration  of  the  turbine  if  you  wish. 

a.  The  hottest  air  is  at  the  (inlet)  (outlet)  end  of  the  turbine 

b.  The  lowest  pressure  will  be  found  at  the  (inlet)  (outlet) 
end  of  the  turbine. 


air. 


The  purpose  of  this  turbine  is  to  (compress)  (expand)  the 


d.  Air  is  expanded  to  (cool)  (heat)  it. 

e.  Air  that  is  spun  out  from  the  outlet  end  of  the  turbine  is 
(high-pressure,  high-temperature)  (low-pressure,  low-temperature). 

f .  This  device  might  properly  be  called  a  (cooling  turbine) 
(compreosor) • 

PROCEED  TO  FRAME  16 


12 


Frame  16 


Too  have  inn  that  changing  either  temperature,  pressure, 
volute,  density,  or  velocity  will  heve  sons  effect  on  all  th^  others. 

Each  of  these  must  be  taken  Into  consideration  when  an  air- 
conditioning  system  is  designed  or  when  something  goes  wrong  and 
you, are  required*  to  locate  the  trouble . 

to  do.  this  -you  must  extend  your  thinking  to  Include  the  effect  m 
higher  or  changing  altitudes  will  have  on  these  principles.  This 
will  be  easy  to  understand  since  you  already  are  familiar  with  the 
principles  involved. 

In  the  following  frames  you  will  see  how  temperature,  density, 
pressure,  and  volume  vary  at  different  altitudes  where  aircraft 
operate • 


The  Volume  of  the  earth's  atmosphere  is  largest*  at  t'te  highest 
altitude. 


\    V+_100,000  FT 

I     U-4  50,000  FT 

)«  1     |  10.000  FT 


4 — /  $*A  LEVEL 

/  / 


PROCEED  TO  FRAME  17 


13 
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C0MLICT  MS  POMS  IS  TO  PRAME  15i    a*    lnlat,   i.    cutlat,    c.  •xptnd, 

d.    cool,         low-pratturt,  low- 
taaparatura,    £.    cooling  turblnt. 

CORRECT  RESPONSES  TO  FRAME  16:    NONE  REQUIRED. 


Pro*  17 

At  Mft  Uv«l  tha  air  prassaa  on  our  body  with  a  praasura  of  14.69, 
or  14.7  pounds  par  aquara  Inch.    This  la  normal  at  saa  laval  but  what 
happaaa  If  va  go  to  a  hlghar  altltudaf    la  It  tha  aaaa  aa  at  saa  laval? 

Tha  tab  la  llluatratad  balow  will  show  you  changaa  that,  occur  at 
dlffarant  altitudaa.    Rafar  to  tha  tabla  to  gat  tha  flguras  you  will 
naad  to  coaplata  tha  atataaantJ  that  follow.    Undarllna  tha  correct 
aaawar  wharavar  It  la  raquirad. 


TmkU  tfU.  J. IMW  Atm-plm* 


OCHSfflT 

•AT1A 

Ml  Kl 

AtTlTUOE 

PtfgRMC 

TEMratATIMC 

Mft  If* 

UpomiiN 

C 

F 

• 

mo 

15.0 

59.0 

1000 

2000 

mi 

130 

11.0 

91.9 

.9420 

m 

m.3 

urn 

7.1 

44.7 

mi 

mo 

11.71 

3.1 

37.1 

mi 

.  VMS 

MM 

m.4 

10.91 

-0.1 

j  30.3 

.7m 

MQQI 

5224 

:o  u 

"  U  / 

r 

.7314 

12000 

m.3 

9  39 

\W2 

.mi 

14001 

4414 

to 

-it/- 

9.1 

.443* 

14000 

411  I 

791 

-147 

.1.9 

am 

moo 

3714 

734 

-20.7 

-5.3 

sm 

moo 

3411 

179 

-24.1 

-12  3 

5327 

am 

320.1 

120 

-21.1 

-19.5 

4947 

wm 

2944 

s  m 

-32  5 

-21.1 

4440 

moo 

mi 

922 

-31.9 

-33.7 

4323 

zmi 

2«l 

4,77 

-40.9 

-40  9 

.4023 

30000 

mi 

431 

-44  4 

4po 

.3740 

mi 

3.90 

-414 

-59.1 

.34*2 

34000 

104 

312 

-52  4 

-12.3 

3211 

35332 

179.9 

3  41 

-550 

-17  0 

3051 

31000 

171.4 

3.30 

-59.0 

-17  0* 

2942 

194.9 

300 

-55  0 

-17  0 

'2192 

JMM 
WWW 

140  7 

272 

-55  0 

-17.0 

2447 

1271 

2.47 

-550 

-0  0 

.2224 

44m 

M.J 

229 

-55  0 

-0.0 

2021 

41000 

W37 

204 

-55  0 

-0  0 

MSI 

4axn 

9109 

1  M 

-55  0 

-00 

1170 

moo 

17  30 

110 

-59  0 

.0  0 

1511 

urn 

71.34 

1.93 

-59  0 

-0.0 

1371 

sim 

71.12 

1.39 

-59.0 

-0.0 

1294 

moo 

•S.S9 

1.27 

-59.0 

-0  0 

1140 

moo 

99  sa 

1.13 

-59.0 

-0  0 

1034 

moo 

54  19 

105 

-59  0 

-0  0 

0941 

a.     At  sea  level  (0-feet)  atmospheric  pressure  is 
lb  per  sq  In  (psl). 
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a.     At  18,000  ft,  praaaura  It  pSi.  ' 

e.  "  Ataoapharlc  praaaura  at  18,000  ft  It  approxlaattlf* 
(1/2)  (1/4)  (two  tiaaa)  aa  ouch  m  le  It  at  m  laval.  f 

4.     Ataoapharlc  praaaura  at  60 ,000  ft  la  ■  pal 

which  It  about  (1/2)  (1/15)  (two  tlatt)  (13  tiaaal  aa  Mich  aa  it 
la  at  aaa  lavtl. 

/ 

a.  Tha  taaparatura  at  50,000  ft  ia  (hottar)  (colder)  than  it  la 
at  aaa  laval. 

f.  Tht  taaparatura  la  approaiaatalT^O0?  at  approxlaataly 
 faat. 


g.     TCha  taaparatura  ataya  tha  aaaa  froa  faat  to 

  faat. 


h.     Danalty  ratio  of  tha  air  la  at  aaa  livtl. 


i.     An  air  danalty  ratio  of  .5327  la  aqual  to  _  faat. 

J  •     At   faat  tha  air  danaity  la  only  1/4  (approx) 

or  .2447  aa  auch  aa  it  la  at  aaa  laval. 

k.     Tha  air  la  (aora)  (laaa)  danaa  at  60,000  faat  than  it  la 
at  aaa  laval. 

1.     Ataoapharlc  praaaura  la  (graatar)  (laaa)  at  60,000  faat 
than  it  la  at  aaa  laval. 

a.     Taaparatura  at  60,000  faat  la  (hottar)  (coldar)  than  it 
la  at  aaa  laval. 

v 

a.     VOLUME  of  tht  ataoaphara  at  high  altltuda  Is  (graatar) 
(Uaa)  than  It  Is  at  ma  lral. 


PROCEED  TO  FRAME  18 


Fraaa  18 


Going  ba)ck  for  a  aoaant  va  en  ma  that  a  gas  la  Af f actad  by  Any 
changa  la  taaparatura,  voluaa,  danalty  and  praaaura.    Nov  va  can  coapara 
thoM  vary  aaaa  af  facta  to  tha  affaet  changing  altltudaa  will  hava  on  a 
gas,  auch  aa  tha  ataoaphara  around  ua.    Did  you  aaa  frat  aa  va  incraaaa 
altltuda  tha  VOLDME  of  tha  aarth'a  ataoaphard  tocraaaaa?    Whanavar  tha 
VOLUME  IncraaMa,  tha  praaaura  dacraaMa* 

Ohdarlina  tha  corract  anawar  to  tha  quaationa  balov, 

a.  At  high  altltuda  tha  VOLDME  of  tha  aarth'a  ataoaphara 
(IncraaMa)  (dacraaMa), 

b.  Tha  VOLUME  of  tha  aarthfa  ataoaphara  la  laaat  at  (609000  faat) 
(Ma  laval), 

PROCEED  TO  FRAME-  19 
15 
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*.    14.69,   b.  7.34,   e.  172, 

d.    l.OS  and  1/13,  coldor, 

f.    16,000  (Approx),    g.    33,  332  to 

60,000,   h.  1.000,    1.  20,000, 
j.  40,000,   k.  1ms,    1.  teas, 
a.  coldor,   n.  groator. 

a.    iscraaaaa,   b.    mi  laval. 


trwm  If  

If  the  volume  irfbreaees  the  pressure  will  be  leee.    The  im  ia 
true  at  high  eltitude.    The  volume  of  die  atmosphere  Is  much  larger  t 
tha  molecules  of  air  move  further  apart  (become  leas  DENSE)  and  aa 
a  result  the  FIE88UIE  decreases. 

Too  may  recall  that  when  the  preeaura  dropa  the  XBBnkTUKK  also 
decreeaee.    The  air  moleculee  have  moved  further  apart  and  there  la 
leee  friction  between  them  to  heat  them* 

Letfa  see  If  you  have  these  few  fecta  straight.    In  the  chert 
below  taderlln*  the  word  that  describes  the  conditions  at  the 
altitude  shown  by  comparing- the  two  altitudes. 

gee  Level  30.000  Feet 

Taaparatura  (high}.- (low)  (high)  (low)  . 

Praaaura  (High)  (low)  (high)  (low) 

Danaity  (high)  (low)  0  (high)  (low) 

Volua*  («jm11)  (groat)  (anall)  Tgraat) 

PROCEED  TO  FRAME  20 


C0MICT  RESTORES  TO  FtiME  17! 


CORRECT  RESPONSES  TO  FRAME  18: 


Frame  20 

I  . 

The  earth's  atmosphere  ia  actually  a  aea  of  gaaet  that  surround 
tha  earth.    This  "gaa"  ia  made  up  of  several  different  gaeee,  one  of 
which  we  depend  upon  for  life  support.    This  gaa  ia  oxygen.  Nearly 
everyone  knowe  that  without  oxygen  to  breathe »  human  life  would  be 
snuffed  out  in  Juat  a  few  short  tllnutes. 

Tha  sea  of  gaa  Jffrrounding  us  is  composed  (made  up)  of  nitrogen f 
oxygen,  and  other  gaaea  in  the  following  percentages  s  

Nitrogen  78% 
Oxygen  21Z 
Other  gases  IX 

While  oxygen  makes  up  only  21Z  of  the  atmosphere  there  ia 
certainly  enough  for  everyone  at  see  level.    But  how  about  at  high 
altitudes?    There's  the  same  21Z  at  high  altitudes  with  just  one 
very  important  difference  -  DENSITY.    Remember,  the  higher  you  go, 
the  leaa  dense  the  atmosphere  Is.    (Refer  to  Frame  19.) 


ERLC 
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If  you  drink  fro*  *  flats  of  kool  aid  that  la  wda  up  of  98Z 
vatar  and  2%  kool  aid,  you  can  drink  It  all  down  in  a  f aw  swallowa 
bacauaa  tha  aolaculaa  in  tha  glass  ara  vary  dausa.    Row,  aplll  tha 
•mm  glass  of  98%  watar  and  2%  kool  aid  Into  a  larga  ahallow  pan. 
Can  you  gat  It  all  up  la  a  faw  swallows  or  will  you  hava  to  nova 
arowd  to  gat  It  all  up? 

To**  aaa  -  tha  parcantaga  la  tha  aaaa  but  tha  dznaity  (mount 
In  a  glvan  araa)  has  dacraaaad.    This  1*  axactly  tha  saaa  for  tha 
ataosphara,  tha  aaaa  parcantaga  of  nitrojan  -  78Z,  oxygan  -  21Xf 
and  othar  gaaaa  -  IX  la  at  all  altitudaa  but  bacauaa  tha  aolaculaa 
ara  so  far  apart  at  high  altltuda  you  will  not  gat  as  many  with 
aach  braath. 


Ondarllna  tha  i©rract  aaawtrs  t©  tha  stataaant^balow: 


a.  Tha  parcantaga  of  gaaaa  In  tha  aarth's  ataosphara  la 
78X  nitrogan,  21Z  oxygan,  and  IX  ctfAa\^gasas.    (trua)  (falsa) 

b .  Thara  la  aa  auch  oxygan  In  a  gallon  of  air  acoopad  up 

at  high  altltuda  aa~thara  la  in  a  gallon  of  air  takan  at  aaa  laval. 
(trua)  (falaa) 

-  ^ 

c.  At  50,000  faat  tha  ataosphara  contains  (21%)  (78Z)  (9 IX) 
oxUS* 

d.  At  35,000  fMt  ehtrt  It  (21%)  (78X)  nltrottn. 

FROCBED  TO  FRAME  21 
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RESPONSES  TO  FRAME  19:        high,  high,  high,  null,  low,  low, 

low,  great. 


CORRECT  RESPONSES  TO  FRAME  205         a.    trot.     b.  false  (less  dense 

et  high  altitude)    c.    21%     d.  78Z 


21 

Humidity  la  the  atmosphere  is  something  we  pay  little  attention 
to,  but  as  an  Environmental  System  specialist  you'll  find  humidity  can 
be  a  problem.    Early  in  this  program  you  learned  humidity  was  the 
"moisture  in  the  air. "   We  will  add  at  this  point  that  we  are 
concerned  only  with  the  humidity  below  35,000  feet  because  above  th*t 
altitude  there  isn't  enough  to  worry  about.    The  air  can  contain  a 
certain  amount  of  water  vapor  depending  on  the  air  temperature. 


You  have  seen  water  form  droplets  on  the  outside  of  a  glass  of 
cold  watar  on  a  hot  day.    As  soon  as  the  "moisture"  in  the  hot  air 
is  cooled  by  the  cold  sides  of  the  water  glass ,  it  turns  from  a  gas 
back  to  a  liquid. 

What  we  have  said  than  is  that  if  the  atmosphere  is  "cooled" 
the  moisture  (humidity)  will  turn  to  a  liquid,  or  in  this  case,  RAIN. 

Underline  the  correct  anawers  to  the  statements  below. 

a.  Moisture  in  the  air  is  called  (dampness)  (humidity). 

b.  Moisture  is  only  found  above  35,000  feet,    (true)  (false) 

c.  Droplets  will  form  on  the  outside  of  a  glass  of  (hot) 
(cold)  water  if  the  air  around  it  is  warm. 

d.  W*  can  expect  to  find  rain  above  35,000  feet,    (true)  (false) 

e.  Usually  we  can  expect  rain  if  the  temperature  drops  quickly 
on  a  hot  day.    (true)  (false) 

I  ROC  BED  TO  FRAME  22- 


ERLC 
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Frame  22  33& 


Rain  falls  biciutt  the  water  vapor  la  eoolad  until  It  becomes 
4  a  liquid.    Liquid  la  heavier  then  air  ao  the  moisture  falls  In  the 
form  of  rain.    Since  the  air  above  35,000  feet  is  very  cold  (see  the 
chart  in  Fraaa  17)  It  cannot  hold  moisture.    In  fact  the  moisture 
will  have  cooled  and  fallen  aa  rain  before  it  aver  gets  to  35,000  feet. 

NO  RESPONSE  REQUIRED,    PROCEED  TO  FRAME  23 


Frame  23 

On  ion  occasions  in  the  future  you  my  be  required  to  use  a 
temperature  scale  that  la  different  than  the  Fahrenheit  scale  you 
era  accustomed  to*    There  is  really  no  dif ference  in  scalea  Insofar 
aa  phyaical  else  la  concerned.    It  la  how  nany  lines  the  scales  are 
divided  into  that  makaa  the  difference. 

In  figure  A  we  see  two  thermometers  that  have  been  heated  the* 
same  amount.    Notice  that  the  mercury  has  "YL  sen  the  same  e&ount  in 
each. 


Responses  to  frame  21:    a.    humidity,  b.    false t  c.    cold,  d.  false, 

e.  true. 
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Fran*  24 

The  two  actual  acalaa  wa  will  work  with  ara  tha  Fahrenheit  scale 
(you  alreedy  know  this  one)  and  the  Celsius  scale.    The  Celsius  scale 
was  previously  celled  the  Centigrade  scale.    CENTI  GRADE  -  because  It 
Is  "graded"  In  hundredths.    This  Illustration  shows  both  of  the  scales. 
If  we  compare  these  two  scales  to  sae  how  much  difference  there  Is 
between  the  markings  on  them  we  will  find  there  la  180°  o$  the 
Fahrenheit  scale  for  100    on  the  Celsius  scale.    An  explanation  of 
this  follows.  x 

Look  at  the  Celsius  scale.    The  freezing  point  of  water  Is  0°, 
while  on  the  Fahranhalt  scale  the  freezing  point  of  water  is  32° . 
If  you  look  for  the  boiling  point  of  water  (at  sea  level)  you  will 
find  it  is  100°  Celsius  and  212°  Fahrenheit.    Perhaps  you  noticed 
there  are  100°  Between  free  ring  and  boiling  on  the  Celsius  scale, 
that  la  0°to  100°  -  100°  and  between  32°  and  212°  on  the  Fahrenheit 
scale  there  are  180°  or  212. 

180 

Since  the  actual  difference  is  100°  and  180°  we  can  sake  it 
easier  to  remember  the  difference  by  breaking  it  down  this  way  

100    -  180 
10     -  18 

1.0    -1.8  or  for  each 

degree  Celsius  there  are  1.8  degrees  Fahrenheit.    1.8  is  almost  two 
degrees  so  it  becomes  easy  to  remember  that  the  Fahrenheit  scale  is 
nearly  twice  as  large  aa  the  Celsius  scale.    There  Is  one  thing  that 
must  be  remembered  —  the  Fahrenheit  scale  STARTS  AT  32°  (using  the 
freezing  point  of  water  as  a  starting  point)  so  we. must  allow  for  thi*; 

You  any  look  at  the  two  scales  to  answer  these  questions  by 
underlining  the  correct  answer  or  filling  in  the  blanks. 

a.  The  scale  having  the  most  graduations  is  the  - 

scale. 

b.  Ihe  lowest  mark  on  the  Celsius  scale  is   0  belov  ?*ro 


CORRECT  RESPONSES  TO  FRAME  23:      a.    No  1,    b.  ,18,    c.^180, /d.  True. 

CORRECT  RESPONSES  TO  FRAME  24-r      a.    Fahrenheit,    b ,  l^TS-l'-below 

•  c,    100,  212,-      d.    180-^e.  false. 


C(     Water  boils  at   „  degrees  Celsius  and  degrees 

Fahrenheit . 

d.  There  are   degrees  difference  between  the  freezing  points 

tnd  boiling  points  of  Xhe  Fahrenheit  scale. 

e.  the  same  amount  of  heat  will  make  the  mercury  climb  higher 
in  one  thermometer  tube  than  in  the  other,     (true)  (false) 

v 

PROCEED  TO  FRAME  25 


Frame  25 


Zero  on  the  Fahrenheit  scale  is  32°  less  than  the  freezing  point 
of  water  so  we  will  h«#e  to  allow  for  that  difference    aen  we  convert 
from  one  scale  r.o  tie 'other.    To  change  a  Celsius  reading  to  a 
Fahrenheit  reading  it  must  be  remembered  the  Fahrenheit  number  will 
come  out  larger  than  the  Centigr«»-a  number.    This  is  a  clue  to  solving 
the  problem,    .'o  make  a  small  number  larger  you  can  multiply  and  add. 
Let's  try  one. 

Change  25  C  to  Fahrenheit. 

First  step  -  Multiply  25°C  by  1.8.    (Remember  the  Fahrenheit  scale 
has  1.8  degrees  for  every  degree  Celsius.) 

25 

x  1J. 
200 

25  

45.0 

Second  step  -  Add  45-° 

— +    32.0  (explained  above) 


-    77.0°  Fahrenheit 


Therefore,  25°C  -  77  F. 


Just  two  easy  steps.    Solve  the  problems  below  by  changing  the 
Celsius  Readings  to  Fahrenheit  readings. 

Write  your  answers  on  this  page. 

a.  26°C-   °F  d.      5°C-_  °F 

b.  TQ°r  -   °F  15°C  -  °F 

c.  10°C  -  °F  f .      40°C  -  > 


PROCEED  TO  FRAME  26 
22 
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Frame  26 

4L&  you  multiply  and  add  In  etch  cast?    It  *o9  you  probably  had  no 
trouble  arriving  at  the  correct  answer  each  tin£.    It  ia  just  aa  easy 
to  convert  Fahrenheit  scales  to  Celsius  scales  (a  large  scale  to  a 
eaaller  scale)  by  SUBTRACTING  ard  DIVIDING.    F.  .low  through  these 
easy  steps  to  see  how  it  is  done.    Change  78.8°.  to  Celsius. 

First  step  -  Subtract  78.8°F 

-32.  (Donft  forget  "he  32) 

S«cond  step  -  Divide  *  1.8 

36  S 

108 

108 


000 


Answer  -  78.8°F  -  26.Q"C 


Again,  two  easy  steps,  only  this  time  to  change  a  large  scale  to 
a  Mail  acele  we  r  ,TRACT  4*d  then  DIVIDE.    Now  solve  a  few  to  see 
how  wall  you  have  learned  to,  convert*  from  one  seal's  to  the  other. 
Write  your  answers  in' the  spaces  provided. 


s. 


b.      140UF  -  °C  e.      60°fV\     .     ^  °C 


n.      70°F-__  °C    *,        f.      100°F-.  *C 

PROCEED  TO  FRAME  27 


(  Frame  ~2  7 

If  you  are  honestly  doing  well  at  converting  from  one  scale  to 
the  other  you  will  enjoy  solving  the  problems  we  have  presented\be1ow. 
If  you  are  a  little  shaky  though,  we  would  rather  you  go  bmck  far, 
enough  to  reassure  yourself  and  then  return  to  solve  these  problems. 

Using  the  correct  procedure,  convert  these  temperatures.  Write 
your  answer  in  the  spaces  provided  and  remember  -^arge  to  small' - 
subtract  then  divide,  small  to  large  -  multiply  then  add. 


v 


50°C-   °F  d.    «9<J°F-  °C 

.  s  — ■  

60°C  -  °F  e.      80^  r      _       v  °C 

c.      70°C  -  °F,  f.      U5°F  -  °C 

PROCEED  TO  FRAME  28  i  x- 

N 
23 
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CORRECT  RESPONSES  TO  FRAME  25:    a.  78.8#F,    b,  86.0*F,    c.  5C.0#F, 

d.  41.0*F,    a.  59.0*F,    f.    104. 0*F 

CORRECT  RESPONSES  TO  FRAME  26:    a.  35.0*C,  b.    60.0*C,    c.  21.1°C, 

d.  10.0*C,    a.  15.6*C,    f.  37.8#C. 

CORRECT  RESPONSES  TO  FRAME  27:    a.  122. 0°F,    b.  140. 0°F,    c.  158.0°Ff 

d.  32.2*C,    e.  26.7#C,    f.  46. TC 
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Frame  28 

If  you  are  one  of  the  specialists  who  may  someday  have  a  chance  to 
go' to  Europe  you  will  find  a  daily  use  for  temperature  conversion. 
Suppose  someone  casually  says  to  you,  "It  must,  be  about  20°  Celsius 
today. tf   Now  you're  on  the  spot5  how  will  you  answer?    There  is^  a 
simple  solution  to  this  dilemma.    Try  this*  to  change  a  small 
(Centigrade)  scale  to  a  large  ,(F*>hrenb    t)  scale,* vou  must  MULTIPLY 
and  then  ADD.    Itfs  difficult  to  mult      r  by  1.8  in  your  head  but  easy 
to  ntoltiply  by  2.    Try  it  Someone     -id  it's  20JC  today. 

Quickly  now,  2  x  20  «  40  +  32  «  72*F.    Was  that  hard?    20°C  -  72°F. 
Let's  check  it.    20°C  •  °C  x  1.8  +  32  -  68°F.    Not  bad,  in  fact  72°  is 
close  enough  to  68°  for  conversational  purposes.    Of  course,  it  would 
.  t>e  just  as  easy  to  tell  that  Fraulein,  Mitfs  a  nice  cool  10°  Celsius, 
*  isn't  it?    How  did  you  do  it?    You  know  it  was  52°F  and  that  to  make 
a  large  (°F)  scale  small  (°C)  you  SUBTRACT  and  thea  DIVIDE.    Try  it. 
Subtract  32  from  52,  you  have  52  T 

-32 
-20 

then 

.   then  10 
divide  by  2    2  20 

the  temperature  is  10°  Celsius  and  you  look  like  a  genius.    How  close 
was  your  approximation?    Check  it  -  (when  you  divide,  watch  the 
decimal  point  carefully). 

°C  -  °F  -  32    -  52 

1.8  z2L- 

20  1.8         20. u 

The  accurate  answer  is  52°F  -  11.1°C.    piat  was  close,  only  1  degree  off. 


Convert  these  in  your  bead. 


a. 

62T  - 

•c 

d. 

5°C  - 

°F 

b. 

44°F  - 

°C 

e. 

20°C  - 

°F 

c. 

32°F  - 

°C 

f. 

l'C  - 

°F 

PROCEED  TO  FRAME  29 


24 


Frame  29 

Why  did  we  go  co  the  trouble  of  shoving  you  a  way  to  do  It  in 
your  haad?  It  provide*  you  with  *  aaans  of  remembering  the  PROPER 
PROCEDURE  for  temperature  scale  conversion  and  as  a  rough  check  of 
your  own  work  to  see  If  you  have  overlooked  any  of  the  steps.  Here 
Is  an  example  of  how  you  might  use  It.  Sgt.  Jonts  was  In  a  hurry, 
and  using  a  pencil,  he  quickly  changed  102'F  to  51#C.  ^ 

In  your  head  check  his  figures  no  see  if  he  used  the  proper 
procedure. 

s.     The  approximate  answer  should  be  35*C.     (True)  (False) 

b.  Did  he  arrive  at  the  correct  estimate?    (Yes)  (No) 

c.  He  should  have  subtracted  32  and  then  divided  the  answer 
by  2.    (True)  (False) 

d.  Using  s  pencil  determine  the  EXACT  answer.    The  EXACT 
answer  is  (35'C)  (38,8'C)  (51.0'C) 


PROCEED  TO  FRAME  30 


Frame  30 

Check  your  responses  for  Frames  28  and  29  on  page  26. 

This  concludes  this  portion  of  physics.    If  you  have  any 
further  questions  or  comments,  please  bring  them  to  the  instructor's 
ettention.    He  will, guide  you  to  the  next  unit  of  instruction. 


CORRECT  RESPONSES  TO  FRAME  28:    a.  lJ'C,    b.  6°C,    c.  0°C,    d.  42°F, 

e.  72"F,    f.  34°F. 

CORRECT  RESPONSES  TO  FRAME  29:    a.  True,    b.  No,    c.  True,    d.  38.8°C. 
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FommD 

this  prniramil  text  was  prepared  for  usa  in  the  3AJIA2331 
Instructional  system.   The  material  contained  h«r«ln  has  been 
validated  using  30  students  enrolled  la  the  311*42331  course. 
Ninety  parcant  of  .the  students  taking  this  text  eurpacecd  tfao 
criterion  celled  for  la  the  Approval  lesson  objectiva.  The 
average  student  required  thro*  hours  to  eonploto  the  tost. 

OBJECTIVES 

without  reference,  relate  electrical  chsrsctsrlstics  of 
materials  to  dm  flow  of  sloctricsl  currant,  and  slso  sslsct 
tits  result  that  would  occur  from  s  change  In Reaper a tur a  of 
nstsrtals  with  s  sdnlmum  of  801  accuracy. 

INTRODUCTION 

Sons  of  the  Intonation  that  you  will  study  in  this  FT 
la  background  information.   Once  having  asstsred  ths  subject 
aettsr,  you  will  understand  why  an  electrical  currant  (a  flow 
of  electrons)  occurs.   Undara tending  how  and  why  current  flows 
will  aid  you  la  understanding  how  electron  tubes,  solid  stete 
devices,  and  other  electronic  equipment  works. 

,  INSTRDjCTIONS 

This  programmed  text  presents  information  in  email  steps 
called  "frames".   Read  ths  material  presented,  select  your  reeponra(s) 
at  the  end  of  the  frsas  sa  required.   Do  not  mark  In  ths  text, 
fatsr  your  responas(s)  on  ths  res  pons*  sheet  provided.  After 
you  have  mads  your  selections  check  your  work  against  ths 
answers  on  ths  following  page.    If  the  responses  ars  not  provided 
aak  your  Instructor  to  grade  It,    If  your  eclcet&ona  were 
correct,  go  on  to  the  neat  frame  and  rspeat  the  above  procese. 
If  you  have  mads  an  incorrsct  rssponss,  reread  the  frame  until 
you  understand  your  error  and/or  aee  your  instructor. 


OP*;  337JTTG 
DISTIXBUTIOMt  X 

3370TTOTC  -  200;  TTVSR  -  1 


$48 


Answers  to  Frame  It     1.  T     2.  T     3.  —  4  M     5.  M     6.  E     7.  M 

8,  M     9.  E     10.  M     11.  E     12.  E 

Tram*  2 

\ 

As  we  stated  in  the  lat  frame,  the  stems  that  oak*  up  on*  type 
of  Material  «r«  wry  different  from  tha  atoms  that  aaka  up  other 
kinds  of  materials.  *  Thai*  stems  vary  In  tha  number. of  subatomic 
partlelao  or  vary  mall  bit*  that  thay  contain.   Thara  ara  thraa 
mala  subatomic  partlolas  which  ara  called  PHOTONS,  NEUTRONS,  and 
BUCTICW.   Of  tha  thraa,  tha  alactron  is  tha  aoat  iaportant  to  you 
in  working  with  alactrlclty.    In  tha  flgura  shown  of  tha  carbon  atom, 
you  can  aaa  juat  how  tha  subatomic  particles  relate  to  the  atom. 
The  protons  and  neutrons  together  make  up  the  center  or  NUCLEUS  of 
the  atom,  around  which  the  electrons  revolve,  much  Ilka  our  planet 
revolves  around  the  sun.   The  electron  Is  very  small  and  is  said 
to  have  a  very  small  negative  charge  of  electricity.   Tha  proton 
in  the  center  is  said  to  havs  a  positive  charge  of  electricity. 
This  positive  charge  is  equal  in  strength  but  opposite  to  the 
charge  of  the  electron. 


MMCUUt  (•  MOTOM,  •  MtVTNOM*) 


CAA60M  ATOM 


Hark  the  following  true  statements  with  a  "T"  on  your  response 
sheet. 


1.  The  electron  is  considered  to  have  a  small  negative 
charge. 

2.  The  carbon  ato*  pictured  above  hea  the  scat  nuabar  of  N 
electron*  m  proton*. 

3.  Electron*  revolve  around  the  nucleue  of  en  atom. 

4#    The  proton  la  considered   o  have  no  electrical  charge. 
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Fraaa  1 

Oar  earth  aad  ataaaphdx*  is  aada  up  of  aattar  and  aaargy. 

Mattar  is  dafiaad  ee  things  that  taka  ap  space  and  have  weight. 

******  tradespeople*  air,  paper,  aUk*  wire,  steel  end  voter 
r.«c*roaly  *  far  tmm&m  .of.  aattar. .  They  all  hava  weight  an*  taka 
..•ap  epaee.  Nettar can  be  ia. three  states t  solids,  liquid* , 

aaaVjMaa..  All  natter  ia  aada  op  of  aaall  partlelaa  eallad 
<  •*"»•  Afetpa  anion  aafca  op  oat  body  of  aatarial  are. different 

fre»  acaaa  which  aafca  up  other  kinds  of  eat  trials.   But  vfeat  of 

those  things  that  do  exist  aad  yet  do  not  hava  weigh*  nor  taka 

ap  apaoaf 

lor  inetenoet  heat,  light,  sound  and  alaotrloity.  Rosa 
°f         «*a  ba  weighed.  Hava  yon  avar  aeon  a  tin  oaa  roll  of 
llgfctf  lhaaa  ara  ferae  of  aaargy.   Energy  la  tha  ability  to  do 


do  hot  mux  m  vns  TXXT 

Mark  tha  following  trua  statements  vich  a  "I"  on  your 
raapoaaa  ahaat. 

_ 1.   This  P  T  ia  an  aaaapla  of  aattar. 

  2.   Tale  Ft  la  aada  up  of  aaall  partleiee  eallad  atoao. 

  3.   An  atoa  of  silver  ia  idantloal  to  an  atoa  of  gold. 

Haat  so  aaoh  ltaa  liatad  ia  tha  ooluana  below,  write  tha 
lattar  "1*  for  energy  or  tha  lattar  "M"  for  aattar  that  correctly 
daaoribaa  ahloh  It  lot 


4 .  glass 

5 .  water 


6.  electricity 

7.  sand 
S.  oxygen 

9.  light 

10.  gasoline 
114  heat 

12.  sound 


aflowaro  to  Frane  2t     1.  T     2.  T     3.  J  4. 


Is  Mat  atoao  thara  la  a  «aaU  past  with  no  eharga,  eallod  a 
cob.  Thla  aaall  nantron  haa  a  aaaa  juat  about  tha  aaao  alaa 
co  a  proton  bat  will  not  howa  on  alaotrloal  eharga.   Tha  protean 
ff*  •»  •        koavj  oeoter  or  aneloua  around  vhloh 

tha  vary  light  eleetrooo  revolve.  Ao  tha  atom  beooflao  flora  and 
■Ota  ooaplleated,  tha  niadjir  of  protooo  and  alaotroao  will  olac 
laeveeeo  la  aanber.  Bat,  not  all  of  tha  alaotroao  revolve  1c  the 
aaaa  halt,  orbital  oath  or  ohall  aa  shown  la  tha  flgura  halow. 
Tha  floadaafl  araber  of  alaotroao  that  any  ooa  bait  or  ohall  war 
have  la  United,  lootroaa  la  tha  la* Ida  balta  or  ohallo,  ara 
boon*  tightly  to  tha  nooleon  or  center  of  tha  aooa.   Tha  olaotrooo 
is  tha  ootor  ■holla  ara  not  ao  tightly  bound  to  tho  ttnelouo  and 
whan  aa  Otttoldo  foroo  la  applied,  tho  olootrona  in  -ha  outoraoat 
ohall  aay  bo  frood  fro«  tha  atoa. 


rntr 


cam*  atom 


Marh  tha  following  troo  otatoaanta  with  a  "T"  on  your 
ao  ohoot. 

1.   Heetrone  la  tha  ontor  ohallo  of  on  ttoa  aro  oaally 


2.  Tha  noutron  haa  ao  aloatrloal  eharga. 

3.  Tha  ooppar  atoa  ohowa  In  thla  frown  haa  oaa  olootron 
in  lta  outor  orbit. 

e.  Tho  protooo  and  oaatrooa  togothar  nafco  up  an  Ion. 

DO  HOT  MUX  XX  THZ8  TED 
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Inasaii  to  Irene  it   1.  T    2.  I    3.  T    4.  _ 
Franc  4 

Vane*  nornal  oondltlone  an  aton  it  electrically  neutral,  that 
la,  tan  naaber  of  proton*  is  equal  to  tho  number  of  olootrono. 
too  figure  A.   If  an  atom  la  not  neutral,  it  la  called  an  ion. 
for  an  aton  to  baoona  an  ion  it  nust  either  loaa  or. gain  an"* 
electron.   If  ono  aloatron  la  torn  away  froa  tha  aton  aa  ebovn 
in  fifnra  I,  tola  will  leave  tha  aton  with  a  deficiency  of 
elaatrone.  Thue,  thia  aton  haa  nor*  pocltlve  ehargcc  than 
negative  ohargao.  Thia  aton  la  than  referred  to  aa  a  poeltlvc 
|on.   In  fifnra  C  below,  thia  aton  haa  gained  aa  extra  alaatron. 
Thia  nafcaa  it  aora  negatively  charged  than  a  neutral  aton  ao  it 
la  referred  to  aa  a  negative  ion. 


B. 

UNBALANCED  ATOM 
00  NOT  HARK  JN  THIS  TEXT 


C 

UNBALANCED  ATOM 


Mark  the  oorreet  snewex  for  eeeh  of  the  following  queetions 
on  tha  reeponae  aheet. 

  T„   An  aton  with  aix  «leetrona  and  five  proton*  1*  a 


2. 


3. 


a.  negative  ion. 

b.  positive  ion. 

Aa  aton  with  aix  electrons  and  a.4x  protons  la  a 

a.  unbalanced  aton. 

b.  balanced  aton* 

Under  certain  conditions  electrons  is  the  outer  orbit 
can  be  forced  to  leave  aa  aton. 


a. 

b. 


True 
False 


4.   An  aton  with  eight  electrons  sad  nine  protons  is  a 

a.  negative  Ion. 

b.  positive  ion. 


•o  Frana  At   1.  a,    2.  b    3.  a.    4.  b 


w  mn  MUX  Dl  this  mi 


i*f*  ^^*^^J^!!.t2^!!,  00  *•  r^*  *°    ascription.  ^ 

iaft  by  plaalag  tha^orraot  Utter  la  «Mh  blank «  your  raopoo.. 


SOU 

It   Iaeh  lottar  any  b«  iM«d  nor*  than  ohm. 

 1. 

Vagatlvoly  ehargan. 

a. 

Hautronn 

 .  2. 

Foaltlvaly  ahargad. 

b. 

Protons 

 3. 

■e  alootrloal  oharga. 

e. 

llaetrona 

 4. 

lawolvoo  around  tha  auoloua. 

 3. 

■aa        approalBataly  oqual  to 
Chat  of  a  proton. 

 6. 

Tofathar  with  tha  aautrons  nako 
w  tha  aaalana  of  tha  a too. 

Mm*  tha  following  trua  atatoaanta  with  iTob  your 
**— ihaat  •  \  / 

7*  *  nagattva  Ion  haa  nora  alaatrona  than  proton*. 

t#  an  aton  hao  tha  oan*  nuabar  of  alaatrona  aa 


9.  in  aton  that  haa  falaad  an  alaotron  would  ba  oallod  a 
pooltlvo  ion* 


7 
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to  ftam  3i   1.  e     2.  ^    3.  »    4.  c.    5.  *    6.  b_  .  ^ 

^        7.  T     8.  T  9. 


Ail  vm  ototod  la  poet  fraaee  oa  otoa  o«a  be  aede  to  le««  or 
gala  olaetroee  under  —  ■•*€  ooadltloae.  The  electrone  which 
aowe  froa  oee  otoa  to  another  art  kind  of  looeely  bound  to  tho 
eueleae.   Theed  eleetreae  aro  referred  to  ee  valence  eleetroao. 

«*•  mm  that  ara  oaaiaot  to  tako  froa  an  atone  outor 
HMUt  lipW  iw  jroa  ara  unaderlag  ahara  tho  "loot"  alaotroao 

eaere  tba  gained  aUetroaa  aoaa  froa.  Wo  kaov  that  when 
gg 10  mm  plaoo  or  ooaa  froa  aoaa  place,  thoro  haj  to  ho 
anweaent  lavolved.  Tata  aeweeent  of  tho  olootreaa  lo  doflaod  u 
oarraat  flea,  aad  will  bo  dlooaoood  lour  la  thlo  leeeon.  Thaao 
alaotroao  that  aro  looeely  boaad  to  tho  auolauo  of  oa  atoa  oro 
raforrad  to  oa  HUB  olootreaa.   Tho?  aro  not  exeetly  free,  but 
they  will  toad  to  aero  froa  oao  otoa  to  caother,  exchanging 
place*  all  tho  tlao  with  othor  froo  olectrone. 

o 

DO  MOT  MASK  IN  THIS  TEXT  ^ 


Mark  tho  following  truo  ototoaonto  with  o  "T"  on  your 
reeponoe  ohoot. 

_____  1.   Kleetrone  In  tho  outor  orbit  oro  tho  onoo  aoot  ooolly 
roaovod  froa  oa  otoa. 

  2.   Tho  olootroao  that  oro  looooly  bound  to  tho  nuclouo 

aro  eelled  froo  oloetrono. 
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to  Franc  6:   1.  T  2.  T 


 k  «°°«  *******  !•  •  aoterial  that  hoe  etoar  which  a 

"Mir  ef  free  electron*.   Sea*  teed  carnal     of  ooaductoro 
ecppcr,  end  claniaan.   Silver  ig  a  each  bettor 
eondnoter  thoe  oopnr,  bat  yea  win  find  ooppcr  coed  vn  oft*a, 
•vtmmm  It  doao  not  coot  so  each.   It  lo  •trenger  then  *llv*r  cad 
to  very  0107  to  hood  end  £ on.   Alualaaa  lo  light  end  lo  aoed  «bon 
«•****»  00  i-port*nt  footer.  An  laraletor  lo  •  notorial  vhoec 
oteeo  hove  very  few  free  electron*,  lo  known  aeterlel  io  0 
perfect  laomletor.  8000  notorial*  tto  each  now  oeedoctoro, 

eU  practical  om,  they  oro  toted  eo  Inonletero.  Soae 
— 1—  oro  glooo,  dry  wood,  rubber,  aloe,  end  00*0  plea  tic*. 


DO  MOT  MUX  ZH  THIS  TUT 
Mark  the  following  true  cteteneat*  with  1  T  on  your 


,  1.  A  good  laculotor  hoc  nany  froo  clectronc. 

,  2.  Copper  lo  on  onenplo  of  e  geed  conductor. 

,  3.  Silver  hoc  acoy  froo  oloetroao. 

4.  lubber  lo  on  oxoaplo  of  o  Ved  laculotor. 


5.  *  All  aatorlolo  contain  the  ooae  neater  of  freo 
oloetroao. 
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to  frane  7:  2.  T     3.  T     4.  T     3.  _ 

8 

Statlo  electricity  can  be  and*  la  a  ounber  of  way*.   Tou  will 
from  tlM  to  tine  teal  a  ahook  whoa  you  touch  tha  door  handle  of 
a  oar  aftar  eliding  over  lta  plastic  scat  covara.   Tha  friction 
none  between  glaaa  and  a ilk  whan  rubbad  with  each  other  will 
ueka  atatic  electricity  eha  aaaa  "ay  aa  air  paeaing  ovar  tha 
akin  of  an  aircraft.   Static  electricity  la  generally  considered 
to  ba  electricity  at  raat.   a  charged  body  la  one  that  haa  nora 
or  lane  than  tha  noma!  ounber  of  alaotrona.  A  neutral  body  la 
one  that  haa  an  equal  nunber  of  electrone  and  proton*  la  each 
aton.    It  can  ba  ehovn  In  tha  figure  below  that  bedlaa  with  Ilka 
ehergee  will  puah  each  other  apart  and  those  with  unlike  fihargv 
will  draw  to  each  other. 


ma    /////  ///// 


O    (J  No  Charge 


♦)  Uka  Chargas        (♦Xjv  Un'  ika  ch*r9*» 
00  NOT  MARK  IN  THIS  TEXT 


Hark  tha  comet  anavar  for  aach  of  tha  following  quaationa 
on  tha  raaponaa  ahaaf. 

1*   Aa  ato*  that  haa  thraa  electron*  and  two  protona 
would  ba 

a.  nagativaly  char gad. 
be     poaitivaly  chargad • 

  2.    TWo  bodiaa  tfhlch  attract  to  aach  othar  ara  callad 


aa  poaitivaly  chargad  bodiaa. 
b«  nagativaly  chargad  bodiaa. 
c.     unllka  chair  gad  bodiaa. 

3.    Static  alactriclty  ia  aoaattaaa  rafarrad  to  aa 
alactricity  at  raat. 

a,  Trua 

b.  falaa 
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Answers  to  Frame  9:    1.  T    2.  T    3.  T 
Frame  10 

A  grounding  wire  can  be  used  to  connect  a  body  to  the  ear 
to  drain  its  static  charges.    Fro  example,  a  grounding  wire  is 
used  co  counect  the  aircraft  anc*  fue*  truck  to  the  earth  durin 
refueling.    A  static  discharger       a  rubber  cotton  wick  which 
has  graphite  in  it.    It  si  hooked  to  the  trailing  edge  of  thfc 
wings,  rudders  and  elevators.    It  has  a  sharp  point  on  the  end 
which  gives  the  excess  electrons  a  path  to  f3ow  off  of  the 
aircraft  to  the  air.    The  purpose  of  the  static  dit  larger  is 
to  eliminate  the  static  charge  that  is  caused  by  the  flow  of 
air  over  the  skin  of  the  aircraft  during  flight.    A  bonding 
wire  is  used  to  connect  metal  parts  to  each  other  on  the, air- 
craft so  that  all  parts  on  it  will  have  the  same  charge.  If 
the  aircraft  is  properly  bonded,  there  will  not  be  any 
difference  in  charges  between  various  aircraft  parts.  As 
stated  earlier,  if  each  body  has  a  different  charge  these 
charges  will  try  to  equalize  and  sparking  will  occur.  This 
could  also  cause  an  aircraft  fire. 


DO  NOT  MARK  IN  THIS  TEXT 


Mark  the  following  true  statements  with  a  "T:'  on  your 
response  sheet. 

 1.    The  static  discharger  is  used  to  connect  an  object 

to  the  earth  to  eliminate  static  charges. 

 2.    Bonding  wires  are  used  so  that  all  metal  parts  of 

the  aircraft  hav*  an  equal  amount  and  the  same 
polarity  of  charge. 


to  Prams'  8s     1.  a    2, 4    3.  a  i 

Freas  9 

^      Static  electricity  Is  always  present 'as  a  baaard  around  air- 
araft  aha*  bodies  of  (tallica  ehergee  ara  placed  eloaa  to  aa«h  othar. 


the  ehergee  will  try  to  become  equal  with  each  othar.   When  tola 
fcya,  there  will  ba  a  smell  spark  jta-  scs  from  one  body  to  the 
othar  body.  Tha  greatest  baaard  bar*  xa  ±at  thla  sperk  oaa  causa 
firaa.  v  k 

smother  problem  la  that  it  oaa  cefcss  radio  static  ao*se  and 
•hook,  there  ara  a  lot  of  things  used  to  halp  raduca  tha  number 
of  haaarda  fr .  itatie  alaotriolty.   Soma  of  thaaa  things  ara 
trenail  tug  wirs,  statlo  diaahartara  and  bonding  vino. 


DO  MOT  MASK  IN  THIS  TEXT 

Mark  tho  following  true  statements  vitb  a  "T"  on  your 
raaponao  shoot. 

  1.    Shock  Is  oaa  hasard  of  static  olaetrlcity. 

 2.   Onllke  chargaa  will  try  to  equalise  whan  brought 

togothor. 

 3*   'Irs  oaa  ba  caused  by  sparks  eroatod  by  static 

electricity. 
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rs  to  Frame  lOt     1.  _    2.  T 

Frame  11 

Notch  the  terms  on  the  right  to  their  description  or  cxs^les 
0*  iho  Wt,    Place  tho  cornet  letter  la  the  blanks  provided  on 
the  response  shoot. 

■MB:   Tho  letters  may  bo  used  more  than  onco. 

  !•  Contolno  many  froo  electrons,         a.'  Insulator 

 i  2.  Contklns  few  loosoly  hold  b.    Good  eonduetor 

electrons  «- 

m_mmmm  3.  Rubbor 

4.  Copper 

  5.  8ilver 

_ 6,.  Glass 

  7.  Aluminum 


Mark  tho  following  true  statements  vith  a  MtH  on  your 
response  shoot. 

  *•  IWo  bodies  that  aro  positively  charged  will  repol 

oach  other. 

  9*  An  atom  that  has  12  electrons  and  11  protons  would 

be  an  example  of  a  charged  body. 

  10*  Tho  greatest  hazard  ot  static  electricity  around  an 

aircraft  Is  fire. 

11.  A  ground  wire  i*  used  to  help  eliminate  static  charge. 

  12.  An  electron  has  a  small  negative  charge. 

  13.  A  positive  ion  has  mora  protons  than  electrons. 

  !*•  An  atom  with  13  electrons  and  12  protons  is  an 

example  of  a  nogative  Ion. 

  13  •  Tho  subatomic  particle  that  has  a  negative  charge 

is  the  neutron. 

  16.  Tho  proton  revolves  around  the  nucleus  In  paths 

called  shells. 


V 
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*B*m  to  Ft  am  11:     1.  b  2.  •  3.  •     4.  b     5.  b     6.  • 

7.  b  8.  T  9. J     10.  T     11.  T     12.  T 

13.  T  14.  T  15.  _     16.  _ 

rruM  12 


Earlier  you  learned  that  the  electrons  in  the  outer  shell 
of  en  atom  nry  be  forced  from  that  atom  by 'some  external  force. 
Suppose  that  a  copper  wire  is  connected  between  two  charged 
bodies  as  shown  below/   Remember  that  copper  is  a  very  good 
conductor  and  has  many  free  electrons.    On  one  end  of  the  body 
is  a  positive  charge  and  at  the  other  end  Is  a  negative  charge. 
This  means  that  the  positive  body  has  a, low  sum  of  electrons  * 
and  thf  ncgati**  body  has  an  excess  sum  of  electrons.    The  * 
negative  side  will  repel  the  free  electron)  through  th*  copper 
wire  as  shown  by  the  arrows.    Also,  the  positive  charged  mass 
can  be  thought  of  as  attracting  the  electrons.    As  one  electron 
is  forced  away  from  its  atom,  it  makes  :hat  atom  positively 
charged.    With  this  atom  now  at  a  positive  charge,  it  will  try 
to  ydll  an  electron  from  a  close  at  hand,  negative  or  stable 
atom,  into  its    <m  orbit.    This  is  what  makes  that  atom  take:  on 
a  different  negative  atom.    The  movement  of  electrons  will  keep 
taking  place  until  the  two  bodies  are  the  same.    This  flow  of 
electrons  is  called-CURRENT  FLOW. 


Fraae  12  (Cont'4) 

DO  HOT  MAftK  Of  THIS  TEXT 
M»k  the  correct  mmw  for  eeeb  of  tho  follovtat  oueetloas 

 1.   Tho  flow  of  oloetroM  through  *  oonductor^fi  colled 

».  voltafe 
b.  ourront 

mmmmmm  2.   Tho  olootroa  lo  a  taell  " 

e.  negative  charge 
h.     positive  charge 

— r  3.   Tho  froo  eleotroae  rove  froa  negative  foreo  toward 
v        tho  positive  foreo. 

Two 
b.  r»ioo 

Fraao  13 

l4-t  tvm*  y«»  l^tnad  that  eleotroae  will  stop 
flowjag  biMMo  tho  charged  bodlee  whoa  tho  bodloo  beeoae 
STiS  Jj"^!^1"  •i~«rt«al  circuits  oarroat  suet  flow 
"£  5? tharo  aaat  bo  aaaa  oouroo  that  wiU  hoop 
the  two  palate  at  different  preoeurec  oo  that  tho  olaetroao  will 
hoop  a*  Oaying.  a  oeurea  ef  thlo  typo  la  cello!  a  ooarea  of 
cleetronotlre  force.   Uoatraaotivs  foreo  (Bfr>  la  a  ferae  which 
jUloaaoa  eloetron.  to  nave  through  a  ooadaetor.   It  lo  Tory 

iTlSJJi;^70",!^!"*1  **  botwoea  atrroat  <1) 

•i  elaetametlvo  (IMF)  foreo.  BKT  woo  dof laad  aa  the  fOSCI 

oaf  laod  aa  the  ACTUAL  MOTOIBT  OF  ELECTRONS  TflRCOOB  ▲  OOtSDCTOt. 

00  HOT  HARK  ZH  THIS"  TEXT 

Mark  tho  following  tifuo  otatoaoato  with  a  "T"  ea  your 
roopoaoo  shoot.  7 

1.   Hoetroaotlvo  foreo  end  currant  have  slallsr  noonings. 
  2.    la  order  to  have  olootroa  flow  you  auet  have  IMF. 
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Answers  to  Framt  12:      1.  b    2.  a    3.  a 
Answers  to  Pramt  If:      1.  _   2.  T 
FraM  14 

We  now  know  that  In  order  to  have  current  flow  through  a 
conductor  we  mist  htve  a  difference  In  pressure  between  the  two 
points  that  the  conductor  Is  connected  to.    This  difference  in 
pressure  is  generally  referred  to  as  potential  difference  or  a 
difference  in  potential.    Tow  of  the  most  coram  sources  of  EHF 
are  batteries     i  ganeratore.    We'll  discuss  these  in  a  later  lesson. 
The  unit  of  m**sur?  for  IMF  is  the  volt.    From  the  term  bolt  the 
word  voltage  has  com  Into  use  to  Man  the  saM  as  EMF.  The 
^symbol  used  ti  represent  voltage,  potential  difference,  EHF,  or  - 
electrical  pressure  is  E. 

Mark  the  following  % true  statements  with  a  "T'a  on  your 
response  sheet. 

 1.    Voltage  and  EMF  have  similar  meaning. 

2.    An  EMF  can  be  used  to  provide  a  continuous  flow 
.of  electrons. 

 3.    The  unit  of  measure  for  EMF  is  volt. 


Fill  in  the  blanks  with  the  correct  term  on  your 
response  sheet. 

4.  The  movement  of  electrons  from  a1  negative  to  a  positive 
potential  is  called  . 

5.  The  force  that  causes  electrons  to  move  through  a 
conductor  is  called  ^   . 
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ERJC 


to  fraaa  Ms     i.  t    2.  T    3.  t    4.  currant 
3.  voltaic  or  Pg 

Frame  15 

^t^L^^        C°?ductor'         **  «°PP«.  eoataiaa  many 
f*ee  electroaa.   whan  cm  electroa  Iuvm  the  aetatlv*  t^rmin*i 


-  *  __"7  —  the  negative  terminal 

111  !f      »  **  i»*edUtaly  resale  •  frM  electron  from  en 

™  TV1*1'  •*«0troa  repole  another  free  electroa, 

2V  J^***!??1  ttfci!  pUe*  tiur8tt«hottt  *»•  *«tiw  conductor! 
it^liZHl      ?*J  ^  r1*06*00  «'  terminal,  « 

»•*  •ran*  am  fro*  too  conductor  Into  too  pocltlva  terminal. 

"wo at  la  f  alt  iaetaatasaoaaly  between 
£T £!?!7?*  -nd  th5°2S  coodooSor'  *•  P«o««m  that  goee 
Si^ULI?*!*  ?£  m  *        *•  "H"1™  terminal  eappUed 

JJr^L^fS/f  i!10E5i 1,111  b#         ia  •  utar  inm, 

no  rata  at  which  alaetroma  paee  a  givee  point  la  a  conductor  la 

?»?*!!!?!?  T^?*  **  Cttrr"lt  ^^i-   **•  t«lt  of  meaeuro 

f? J^T'  "  *■       — «y«bol  which  la  ueuallv  uaed 
to  represent  electric  currant  la  X,  which  aaaaa  aawmt-oTcurrane. 


hmtk  the  correct  aaawor  for  each  of  the  following  question* 

kem  rob  mm  i  mi  m  a  mtm^+ 


oa  tha  reopenee  ahaat. 
— — _  *•   ^  vait  of  aaaaura 'for  currant  flow  la 

«.  nr. 

voltege. 
c.  alaetrou. 
d. 


,  2.   Tha  evabol  used  to  rapraaaat  alactrlc  currant  la 

a.  f 

b.  I. 
e.  ft. 
d.  P. 

3.   Currant  la  tha  flow  of  eleetrona  through  a 

a.  conductor, 
h .     non-conductor < 

*•   Tha  symbol  for  voltage  la 

a.  z. 

b.  ft. 
a.  r. 
d.  I. 
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Answers  to  Fr&M  15:    1.  d    2.  b    3.  e    4.  d 

35*  "     -     -  - 

Fraae  16 

DO  NOT  MASK  "N  THIS  TEXT 
Msrk  the  following  true  statements  with  e  "T"  on  your  respoc«e  iheet. 

-v* 

1«    Th*  proton  has  a  positive  charge  on  it. 

 2-  electron  orbits  around  the  nucleus  in  paths,  called  shells. 

...      3s    An  atom  that  has  le.it  an  elect ron  would  be  called  a  negative  ion. 

 *•    Normally  an  atom  is  electrically  neutral. 

 5.    Silver  is  an  example  of  a  good  conductor. 

6.    A  good  insulator  such  as  glass  has  few  loosely  hel<^L 
electrons. 

 7.    Copper  has  many  free  electrons. 

 bodies  that  are  positive  charges  will 'attract  each  othet. 

 9.    Static  electricity  can  cause  fires.  / 

 10.    An  atom  with  12  electrons  and  12  protons  is  an  example 

of  a  charged  body. 

i*  * 

Match  the  terms  or  symbol^  on  the  right  to  their  definition 
or  the  term  they  sumbolize.    Place  the  correct  letter  on  the 
blanks  provided  on  the  response  sheet. 

U.    Force  that  causes  electrons  to  move 
through  a  conductor. 

12.  The  movement  of  electron'; 
through  a  conductor. 

13.  Symbol  vor  voltage. 

14.  Symbol  for  current. 

Pill  in  each  blank  with  the  correct  term  or  letter  on  the 
response  sheet. 

15.  The  unit  of  measure  for  EKF  is  the  . 

16.  The  unit  of  measure  for  current  is  the  ;  . 

17.  In  the  figure  show  below,  the  electrous  will  move  from 
point   to  point   . 


C0PP1R  WIRJ 
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Answers  to  /ran*  16 1     1.  T     2.  T     3.  _    4.  T     3.  T     6.  T     7.  T 


Sine*  conductor*  have  May  free  electrons,  thoy  will  psralt  a 
large  current* to  dor  ia  response  to  llttlo  IMF.    Sine*  insula  ton 
ooatala  very  few  frse  electrons,  they  will  poralt  relatively  little 
entreat  flow  la  response  to  e  lorn  or  greet  Off.  Actually  no 
notarial  la  a  perfect  insulator.  All  aeterlels  have  soaa  free 
electrons  that  will  flow  ea^  current.   On  the  other  hand  area  the 
beat  oondttctlai  aatarlala  available  have  aoaa  opposition  to  current 
flow.   This  opposition  to  current  flow  la  called  roolotance.  The 
latter  1  la  need  as  the  syabol  for  reeletance  and  the  uniTof 
aeaaure  of  resistance  la  the  ohm.   A  conductor  has  a  resistance  of 
one  eha  whsa  an  applied  voltage  of  one  volt  ccueec  e  current  of  one 
sapere  to  flow  through  it. 

Till  in  each  blank  with  the  correct  tern  or  syabol  on  the 
response  sheet. 

1*     The  syabol  for  current  is  .  ^ 


2.     The  syabol  for  reslatancs  is 


3.     The  unit  of  aeaeure  for  voltage  ia  the 
*.     The  opposition  to  current  flow  is  celled 


5.     The  force,  that  cause*  current  flow  la  called 


6.     A  notarial  that  contains  very  fsv  free  electrons  is 
called  e/aa  .  . 


8. 


9,  T  10.  _  U.  c  12.  d  13.  a 
15.  volt     16.  aaporo   17.  A  to  B 
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Answers  to  Frame  17:    1.  I    2.  R    3.  volt    £•  resistance 

•5.  voltage  or  EMF    6 . ' insulator 

Frame  18 

Conductance  is  the  ability  of  a  material  to  conduct  current; 
thus  it  is  the  opposite  of  resistance,    A  material  with  high 
conductance  would  have  many  free  electrons.    Copper  would  have 
high  conductance.    A  material  such  as  gless,  which  does  uot 
conduct  current  very  well,  would  have  low  conductance  and  high 
resistance.    A  material,  such  as  copper,  with  high  conductance 
would  have  low  resistant,  etc.    The  symbol  for  conductance  is  G. 
The  unit  of  measure  of  conductance  is  the  mho  (ohm  spelled  backward) . 

Mark  the  following  true  statements  with  a  "T"  on  your  response 
sheet . 

 1.    a  substance  such  as  rubber  has  relatively  high  conductance. 

2.    Silver  has  very  high  conductance  and  very  low  resistance. 

Fill  in  each  blank  with  the  correct  term  or  symbol  on  the 
response  sheet.  \ 

3.    The  ability  of  a  material  to  conduct  current  is  called 


4.  The  symbol  for  voltage  is  

5.  The  symbol  for  conductance  is   

6.  The  symbol  for  resistance  is   

7.  The  unit  of  measure  for  resistance  is  the   

8.  The  unit  of  measure  for  conductance  is  the   

9.  The  movement  of  electrons  through  a  conductor  is 
called   ,  . 
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lit    1.       2.  x    3.  ggtajuatanaa 
7.  ohm    8.  who     9.  currant 
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Fran*  19 


•    For  aaah  of  tfao  follovlai  danarlptiona  writs  on  cho  raaponaa 
•has*  tha  tm  daacrlbad,  tho  07*01  for  tha  tan,  tad  tha  unit  of  - 
WMnra  for  tho  tarn.'  A  liat  of  urn,  syubola,  and  units  aro  flvaa 
for  you  to  usaf  bat  tho  Information  on  any  on*  liaa  ia  not  oorraotly 
ralatad. 


DO  NOT  MAPX  Df  THIS  TEXT 
8THBOL8  TOUTS  Of  MEASURE 

1  Ota 
I  Mho 
*  Volt 
G  Anpara 


Voltata 
Currant 


Coodnctanoa 


8TMB01  Of  TEEM 


OMIT  OF  MEASURE 


1.  .  Opposition  to 

currant  flow. 

2.  Ability  of  l 
aatarlal  to 

conduct 
currant. 


3. 


Flow  of 
alactrona 
through  a 
conductor. 


4.    For ca  that 
cauaas  tha 
flow  of 
alactrona 

through. a 
conductor. 
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Answers  to  Tram*  19 1 


TWO 

SYMBOLS 

ONUS  OF  MEASUREMENT 

resistance 

R 

Ohm 

1. 

conductance 

6 

Mho 

2. 

current 

I 

Ampere 

3. 

Voltage 

B 

Volt 

4. 

Pratt*  20 

The  six*  end  typo  of  material  of  the  wiree  uaad  in  electricel 
circolta  ara  choaan  ao  aa  to  kaep  tha  alactrical  raalatanca  as  low 
aa  pooalble.    Tha  alactrical  reolstaace  of  a  wire  will  depend  on: 
(1)  ita  length,  (2)  ita  diameter,  (3)  tha  type  of  material,  and 
(4)  the  temperature.    For  e  given  material  et  e  fixed  tempereture, 
increaeint  the  length  will  cauee  ita  reaiatance  to  lncreeae. 
Doubling  the  length  will  double  the  reaiatance.    However,  the  large: 
the  diameter  of  e  conductor,  the  lower  will  be  ita  reeiatence  to 
current  flow.    Thia  ia  the  reaaon  why  large  diameter  wirea  ere  uaed 
in  high  current  flow  circuita. 

Look  et  the  compariaon  between  the  figures  shown  below. 


FIG  A 


FIG  B 


Figure  B  has  twice  as  large  a  diameter  as  figure  A.    Since  it 
is  twice  aa  large  in  diameter  it  will  have  many,  many,  more  free 
electrons  thst  can  be  moved  and  as  a  result  it  will  have  less 
"Resistance." 
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22 


3*3 

Frame  20  (Cont'd) 

la  this  Illustration  notice  the  difference  la  tha  LDfGTH  of  the 
CM  ooadttetore  (wiree). 


r.0A     (  )— I'  ^  £ 


FIG  B 


Tha  conductor  with  tha  greeteet  langth  will  hava  tha  graatast 
raalseaaoa  baoauaa  tha  alaotrona  hava  furthat  to  travel. 

Mark  tha  following  true  statement*  with  a  "T"  on  your  raaponaa 
•beet. 

 1*     a,  plaoa  of  aluminum  wire  two  feet  long  will  have 

■ore.  reeletanca  than  one  three  feet  long. 


2.     The  larger  the  diameter  of  e  copper  wire,  the 
leao  raalitaaca  It  will  have. 


Frame  21 


Different  type*  of  aeterlale  offer  different  amouuts  of  reele- 
taaee.   Ma  tela  have  lew  raeietance  whareaa  glaaa  and  rubber  hava  high 
raeiatance.  in  moat  eoaduotora  (copper,  aluminum,  allver,  iron,  ate.) 
tha  reelf tanoe  lecreecea  with  ar  increeae  la  temperature.  Theee 
aateriel*  are  eaid  to  have  a  pontile- tocperatur  a  coefficient.  The 
raeiatance  of  carbon  and  llqulda  deoreaaee  with  an  Increeae  in 
t*sperature.   Theae  matarlalj  era  aald  to  have  e  negative  temperature 
-^ffioloat.   s  st~ 


Mark  the  following  true  eteteaauUa  with  e  "T"  on  your  raaponaa 
eheet. 


1.  Heating  a  piece  of  copper  wire  will  ceuae  ita 
reeietanee  to  dacreaee. 

2.  Glaaa  baa  vary  high  reeletanca. 

3.  All  matarlala  increeae  in  raeiatance  when  heated. 
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Answers  to  Frame  20:    l._   2.  T 
Anmri  to  Fr  w  21:    1.  _  2.  1    3.  _ 
Fraae  22 

In  your  own  words  writs  the  definitions  6f  each  of  tte 
following  terms  on  the  response  sheet. 

1.  Voltage  


2 .  Currant 


3.  Resistance 


4.    Conduct ance 


For  aach  of  the  fr  J  owing  tarma  fill  In  the  correct  symbol  on 
the  rssponss  shsat. 

SYMBOL 

5 .  Currant   

6.  Voltage  .  

7.  Resistance 

8.  Conductance  ____ 

Mark  the  following  true  statements  with  a  "T"  on  your  response 
sheet. 

 9.    Heating  a  piece  of  aliminum  wire  will  cause  its 

resistance  to  increase. 

 10.    The  1onger  e  wire  is  the  more  resistance  it  will  have. 

 11.    The  larger  the  diameter  of  a  wire  the  more  resistance 

it  will  have. 

 12.    Copper  and  aluminum  have  very  low  resistance. 

 13.    The  unit  of  measure  for  current  is  the  ampere. 

 14.    The  unit  of  measure  for  conductance  is  the  ohm. 

 15.    The  unit  of  measure  EMF  is  the  volt. 

24 

370 


Answers  to  Frame  22. 


1.  the  for  *  that  causae  electron*  to  move  through  a  conductor • 

2.  the  ttovmnt  of  electrons  through  a  conductor. 

3.  the  opposition  to  the  flow  of  electrons. 

4.  thr  ability  of  e  material  to  conduct  current. 

5.  I     6.  B     7.  R     8.  G     9,  T     10.  T     11.  _     12.  T     13.  T 
14.  _     15,  T 

Ftam  23 

The  effects  of  current  flow  such  as  heat,  chemical,  shock,  and 
magnetism  detenu  for  thair  intensity  on  the  amount  of  currant.  Heat 
is  produced  when  current  flows  through  a  conductor.   Tou  have 
probably  seen  applications  of  the  heating  effects  of  current.  Also 
ym  probably  have  experienced  electrical  shock  in  one  form  or  another. 
The  chemical  effect  of  currant  can  be  observed  when  charging  a 
storage  battery  such  as  the  one  you  have  in  your  autoaoblla.  The 
magnetic  effect  can  ba  both  harmful  and  helpful.    In  the  harmful 
category  it  can  cause  errors  in  some  meters  and  compasses  in  air- 
craft, if  not  guarded  against.    In  the  useful  c^egory  it  make, 
possible  the  rtmote  control  of  circuits.    It  is  also  ussd  in  voltage 
gaaaratlon.   You  will  etvidy  magnetism  in  greater  depth  %a  a  later 
lesson. 

Hark  th.  correct  uiv«r  for  each  of  the  following  quntiotU 
on  tha  reaponee  ghaat.  \ 

7 

  ,X«    Hoxa  haat  ia  produced  when  the  current  flov-'thr$u»h 

a  conductor  ia 

a.  incr.aeed. 

b.  decreased. 
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\ 
\ 

I.  • 


Match  the  tim  on  the  right  to  thair  deecription  on  the  left. 
Placa  tha  corract  lattar  on  aach  blank  provided  on  tha  raaponaa  sheet, 

NOTE  a    Lattara        ba  us  3d  mora  t!i*n  once. 


/ 

Answers  to  Frame  23: 
Frame  24 


I.  Positively  chargad  ) 

2.  Negatively  charged 

3*  No  alactrical  charga 

4.  Revolves  around  tha  nucleus 


a.  Neutron 

b.  Proton 

c.  Electron 


Hark  tha  following  true  statements  with  a  "T,f  cn  ycur  response 
sheet. 

5.    A  poaitiva  ion  has  more  protons  than  electrons.  # 

  Normally  an  atom  has  the  same  number  of  electrons  as 

pro tone. 

  7.    An  atom  that  rue  gained  an  electron  would  be  called 

a  negative  lan*  * 

  8»  A  good  conductor  contains  many  free  electrons. 

  An  example  of  a  good  inaulator  Is  rubber. 

 10.  An  example  it  a  good  conductor  Is  copper. 

 11*  A  good  Inaulator  hie  few  free  electrons. 

  12.  Like  charges  attract  each  other. 

 13*    An  atom  with  nine  electrons  and  seven  protons  would 

be  positively  charged. 

  14.    Electrone  flow  fiorc  a  poaitiva  potential  to  a  negative 

potential. 


15.  EHF  and  voj        have  similar  meanings. 

16.  Tha  flojr  of  electrona  through  a  conductor  ia  called  voltage. 


17.  Having  an  aluminum  wire  will  :ause  its  resistance  to 
increase. 

18.  If  all  otbarr  factora  era  identical,  a  copper  wire  thVee 
fact  long,  will  have  mora  resistance  than  one  two  fe«^  long. 

19.  Copp*r  hu  ouch  lowar  rs«l«tance  than  rubb.r.  x- 

26 

 37?-    


From  24  (Cont'd) 

Fill  In  tha  blank,  with  th.  correct  t.m  on  th.  raapona.  ahaat. 

20.  |^Jgy»t  of  i««t*w  fro,  a  nogativ.  to  a  poaitiv.  potential 

21.  jh^forco  that  eauaa*  alactrona  to  novo  through  a  conductor  1. 

22.  Tha  ability  of  a  aatarial  to  conduct 


currant  la  callad 


23.    Tha  oppooltlon  to  tha  flow  of  elactron*  is  callad 


avAol0L5*S.°i  %\ Jolloirlng  tarn*  on  th.  ra.pona.  .haat,  writ.  th. 

2duni^«?l^  '  M!!Ura  0X1  1:116  Correct  «»••  A  of  .yabo^ 
ana  unlta  of  Naaur.  ara  givan  balow.  7 


TERMS 

RMiatanc. 
Currant 
Conductance 
Toltega 


SYMBOL 

24.   

26.   

28.   

30. 


STMBC1S 
E 
I 
R 
G 


UNITS  OP 


MEASURE 


Mho  • 

Ohm 

Volt 

Ampara 
UNIT  OP  MEASURE 

25.  

27.   

29,  

31. 


3M 

Aamtmta  to  Turn  2At     I.  b     2.  c  3.  »     4.  c     5.  T     6.  T     7.  T 
8.  T     9.  T     10.  T     11.  T     12.  _     13.  _     14.        15.  T     16.  _ 
17.  T     18.  T     19.  T     20.  currant     21.  voltaga  or  BMF     22.  cotiduct«nc« 
23,  ruHUaoi     24.  R     25.  ota  I     27.  «ap«r«     28.  0     29.  aho 

30.  E     31.  volt 
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FOREWQ^; 

Thteprograwied  text  was  prepared  for  us*  In  the  3AIR42331 
instructional  lyittt*    |he  material*  contained  herein  have  been 
vslidaied  using  SO  studints  enrolled  In  the  3ABR42331  course. 
Eighty  percent  of  the  students  taking  this  text  surpassed  Che 
criterion  called  for  In  the  approved  leseon  objective.    The  average 
student  requi^d  2.3  hours  to  complete  the  text. 

OBJECTIVES 

Given  a  list  of  aateriale,  select  those  that  can  be  used  to 
make  temporary  and  permanent  magnets. 

i 

Describe  the  lavs  and  effects  of  lines  of  force. 

Given  diagrams  of  electromagnets,  use  principles  of  magnetise 
to  Identify  effects  of  magnetism. 

STANDARD 

A  minimum  of  80Z  accuracy  is  required  on  the  at*ve  objectives. 


INSTRUCTIONS 


This  programmed  text  presents  information  in  small  steps  called 
"FRAMES."    Carefully  study  the  written  material  and  diagram  if  one 
is  provided  '<ntil  you  are  satisfied  that  you  understand  its  contents 
Each  frame  requires  you  to  respond  to  the  information  in  soma  way. 
For  example,  rou  may  be  required  to  select  the  true  statements,  etc. 
Specific  inst    ctions  are  provided  <n  each  frame.    After  you  have 
mde  your  response  cn  the  response  sheet,  compare  your  answers  with 
the  answers  given  at  the  beginning  of  the  next  frame.    If  you  are 
correct,  go  on  to  the  next  frame.    If  you  are  incorrect,  study  the 
friaa  again  and  correct  your  mistakes  before  continuing.  Read 
carefully,  select  the  correct  answers  and  DO  NOT  HORRY.    DO  NOT 
WRITE  IN  THIS  TEXT.  I 


OPR:    3370  TTG 
DISTROCTlGt*:  X 

3370  TTGTC  -  600;  /  TTVSR  -  1  J 

2 


Yt, 


371 


Things  such  a*  metal  are  said  to  bs  s  magnet  if  it  has  tha  powtt 
to  draw  to  it  such  things  as  iron*  steel,  nicks  1,  or  cobalt,  which  ars 
known  as  magnetic  materials.    Thar*  ars  two  groups  of  magnate  known  aaf 
natural  magnate  and  artificial  magnets     First  va  will  discuss  natural 
■adnata.    A  natural  magnet  Is  found  in  rh*  earth.    Back  in  tha  days 
of  tha  anciant  Greeks,  they  knew  that  come  stonas  found  in  tha  town 
of  Magnesia,  in  Asia  Minor,  draw  bita  of  iron  to  than.    Thase  stonas 
vara  called  magnetite.    Tha  Orientals  learned  that  if  a  piece  of 
these  rocks  were  hung  in  a  horizontal  plane  and  allowed  to  turn*  the 
same  end  would  always  point  to  the  north.    Then  as  time  went  on  the 
Europeans  learned  of  this  discovery  and  used  it  as  a  navigator* a  compass 
to  aid  in  navigation.    Natural  aagnats  have  limited  practical  use 
because  their  aagnetic  force  is  not  always  the  same  and  also  very  weak. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 


J..  Natural  magnetr  have  many  practical  uses, 
_2,     Natural  magnets  are  very  weak  magnets. 
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Answer  to  Frame  1:       F   1.       T  2. 
Frame  2 

The  first  artificial  sagnete  wn  sad*  by  touching  the  metal  to 
be  magnetised  with  a  natural  magnet.    In  later  yaara  it  was  found 
that  an  iron  bar  could  ba  magnetised  by  aligning  tha  bar  with  tha 
magnetic  fiald  of  tha  earth  when  it  was  being  forced.    In  the  modern 
time  of  today,  magnate  are  made  by  placing  a  matal  bar  in  a  magnetic 
field  made  by  an  electrical  current.    We  will  look  et  this  kind  of 
Mgnatism  later  in  this  text.    Man  made  magnate  are  made  in  a  wide 
variety  of  sizes  and  stapee,  and  they  ere  used  mostly  in  electricel 
equipment.    The  bar  sagnet,  the  horseshoe  magnet,  and  compass  needle 
are  the  vet  comm.  types  of  artificial  magnets  tfrday.    Any  substance 
vhich  la  capable  of  being  magnetised  or  can  be  drawn  to  a  magnet  is 
called  s  magnetic  substance.    Some  common  magnetic  substances  are 
iron,  ire*  alloys  such  as  steel  and  alnico,  cobalt,  and  nickel.  All 
of  the  substances  that  are  not  attracted  by  a  magnet  are  usually  called 
nonmagnetic  substances.    Some  common  examples  of  these  are  wood,  glass, 
copper,  and  gold     For  our  purpose  in  this  text,  we  are  chiefly  con- 
cerned with  eubetancee  which  are  noticeably  attracted  by  a  magnet 
and  as  a  result  of  that,  we  are  not  going  to  get  involved  in  a  more 
detailed  classification  system. 

DO  NOT  MARK  IN  THIS  TEXT* 

Mark  the  following  true  statements  with  a  "T*1  on  the  response 
sheet ■ 

1.      a  bar  of  alnico  could  be  made  into  a  magnet. 

 2.      Glass  is  generally  considered  to  be  a  nonmagnetic  substance, 

 3#     Artificial  magnets  can  be  made  by  using  an  electrical  current. 
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Answers  to  Frame  2:       T   1,       T    2.       T  3« 

Frame  3 

Men  made  magnets  may  be  termed  ae  "permanent"  or  "temporary" 
depending  on  how  well  they  can  hold  their  magnetic  strength  after  the 
magnetizing  force  has  been  removed.    Filing*  of  soft  iron  brought  into 
contact  witji  a  magnet  will  become  magnetized  and  act  aa  small  magnets 
which  will  ip.  turn  draw  other  soft  iron  filings  to  it.    When  the  soft 
Iron  filings  are  removed  from  the  magnet,  they  will  lose  their  magnetic 
properties  feat.   Any  magnet  which  loses  its  magnetism  In  a  very  short 
time  is  called  a  temporary  magnet.    Substances  such  as  hard  steel  and 
alnico  will  become  highly  magnetized  when  brought  into  contact  with 
a  magnet  or  cloee  to  a  strong  magnetic  field.    The  state  of  magnetism 
will  be  held  over  a  long  period  of  time.    Any  magnet  which  can  hold 
ite  magnetism  over  a  long  period  of  time  is  celled  a  permanent  magnet. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 1.     Hard  steel  :an  be  made  into  a  good  permanent  magnet. 

_  2>      Teapcrary  signets  retain  cheir  magnetism  for  long  periods. 

 3.      Soft  iron  makes  good  permanent  magnets. 
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Answers  to  Frame  3:       T    1.   2.   3. 

Fr«t  4 

When  a  bar  magnet  labeled  A  In  figure  1  below,  la  suspended  so 
that  it  is  free  to  swing,  it  will  swing  around  and  come  to  rest  with 
one  end  pointing  nearly  due  north.    When  this  effect  was  first 
established,  it  was ^decided  arbitrarily  to  call  the  north-seeking 
end  of  the  magnet  a  ifarth  pole.    The  other  end  waa  called  the  south 
pole,    Theae^lesignatlpna  for  the  ends  of  a  magnet  are  still  uaed. 
Frequently,  permanent  magnets  are  marked  N  at  the  north  pole  and  S 
at  the  jouth  pole.    If  the  north  pole  of  a  second  magnet,  labeled  B 
in  figure  2,  is  brought  into  the  vicinity  of  the  north  pole  of  the 
suspended  magnet  A,  magnet  A  will  be  pushed  away  in  the  direction  of 
the  arrow  at  that  point.    From  this  effect  ve  have  the  following 
fundamental'  law  of  magnetism:    like  magnetic  poles  repel  each  other* 
If  the  jouth  pole  of  magnet  B  in  figure  3  is  placed  into  the  vicinity 
of  the  north  pole  of  smgnet  A,  magnet  A  will  ba  pulled  in  the  direction 
of  the  arrow  at  that  point .    Thia  effect  forms  the  basis  of  another 
fundamental  law  of  magnetism:    Unlike  magnetic  poles  attract  each  other. 


Flgurs  1.  Figure  2.  Figura  3. 


DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 

 1,     Two  south  magnetic  poles  will  attract  each  other. 

 2.     The  magnet  in  figure  1  will  have  its  north  pole  pointing 

nearly  due  north. 

 3.      Figure  3  shows  an  example  of  two  magnets  repelling  ea'h 

other . 
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Answers  to  Frame  4:  1.       T    2.   3. 

Fran*  5 

If  a  bar  magnet  la  dipped  ixkp  filings,  a  large  number  of  those 
flllnga  vlll  cling  to  the  magnet  neir  Its  ends,  but  very  few  will 
attach  themselves  to  the  magnet  near  Ita  center.    See  figure  4  below. 
Thla  ahova  that  the  magnetic  force  is  concentrated  at  the  en's  or  polea 
of  the  aagnet.    The  apace  surrounding  a  magnet,  li  which  the  magnetic 
force  acta ,  la  called  a  magnetic  field.    An  experiment  haa  been  done 
for  you,  in  figure  5,  using  a  magnet,  a  piece  of  paper,  and  some  iron 
flllnga  used  to  ahow  the  invisible  magnetic  field  pattern  around  a 
magnet.    One  point  you  should  remember  is  that  you  are  not  looking  at 
the  magnetic  field  itself,  because  the  field  Is  invisible;  you  are 
looking  at  the  flllnga  which  are  used  to  detect  the  magnetic  field. 
The  magnetic  field  around  the  magnet  causes  the  iron  filings  to  form 
themselves  into  lines  that  circle  the  magnet.    These  lines  are  called 
linee  of  force. 


tre  *: 


DO  NOT.  MARK  IN  "*HIS  'YET. 

Hark  the  following    ai*  st  dements  with  a  "T"  on  the  response 
shea.. 

1.  A  largi  number  of  iron  filings  will  attach  themselves 
to  the  center  of  a  magnet. 

2.  The  area  around  a  magnet  where  ita  force  can  be  felt 
la  called  ita  magnetic  field. 

3.  From  studying  figure  1  you  might  estimate  that  the  magnetic 
field  around  the  S  pole  of  the  magnet  la  as  strong  aa  the 
field  around  the  N  pole. 
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Answers  to  Frame  5:  1*       T    2*   I  ?• 

Frame  6 

In  frmt  5,  vi  siv  tht  magnetic  field  pattern  around  a  magnet. 
A  elj^le  and  more  commonly  used  atthod  la  that  of  arbitrarily  repre- 
senting the  forcaa  in  a  magnetic  fiald  by  drawing  a  f*r  linaa  called 
lines  of  force.    See  figure  6  below.    Note  one  thing  in  particular 
that  la  revealed  by  figure  6;  the  concentration  of  magnetic  field 
within  the  metallic  bar  la  vary  great,  wfail*  the  concentration  of  the 
txtenal  field  decreaaea  very  rapidly  with  distance  from  the  polea. 
Obeerve  aleo  that  arrowhead*  have  been  placed  on  each  of  the  linea 
of  force  of  the  external  field.    The  direction  of  the  arrowheada  ia 
away  from  the  north  pole  and  toward  the  eouth  pole  of  the  magnet. 
In  other  worde  the  arrowheada  indicate  that  the  lines  of  force  leave 
the  magnet  at  the  north  pole  and  enter  -he  magnet  at  the  eouth  pole. 
Within  the  aubatance  of  the  magnet  the  direction  of  the  force  is 
aaauaed  to  be  from  the  aouth  pole  to  the  north  pole  so  that  a  con- 
tinuoue  loop  la  formed  by  each  line  of  force.    The  direction  of 
magnetic  lines  of  force  is  defined  as  the  direction  in  which  the 
north  pole  of  a  compass  needle  will  point  if  placed  at  any  point 
along  a  line  of  force. 


Figure  6. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  tluNresponse 
sheet • 

 1.     The  farther  you  are  from  a  magnet  the  stronger  the  magnetic 

"""""        force  is. 

 2.      The  lines  of  force  go  from  north  to  south  inside  the 

magnet. 

3,     The  magnetic  field  is  concentrated  inside  the  magnet. 
 4.     Each  line  of  force  fc  ~s  a  continuous  loop. 


3S2 


Answers  to  Fra»e  6:   1.    ]  2.       T    3.       T  4, 

Frame  7 

There  an  two  forces  which  act  upon  tha  llnaa  of  force.    One  la 
the  mutually  repellent  force  that  causes  then  to  try  to  spread  out 
aa  far  amy  from  one  another  as  possible.    The  other  is  the  force 
of  attraction  that  they  have  for  the  south  pole  of  the  magnqt;  that 
la  aa  they  travel  externally  from  the  north  pole  to  the  south  pole, 
they  try  to  take  the  shortest  path  to  the  south  pole.    These  two 
opposing  forces  account  for  the  pattern  of  the  lines  of  force  that 
are  formed  around  the  magnet.    The  two  opposing  forces  acting  upon  * 
the  llnaa  of  force  cause  the  lines  of  force  to  behave  as  if  they 
were  elaetic  banda  stretched  out  in  the  field  of  the  magna*.  Because 
of  this,  if  the  magnetic  force  decreases,  the  lines  of  force  will 
tend  to  coUapae  toward  the  magnet.    If  the  magnetic  field  is 
Increased,  the  lines  of  force  will  expand.    The  greater  the  strength 
of  the  magnet,  the  farther  out  into  space  surrounding  tha  magnet  its 
lagnttic  force  will  extend.    Also,  when  the  strength  of  a  magnet  is 
increased,'  the  number  of  lines  of  force  in  the  magnetic  field  will 
alao  increase.    This  increased  number  of  lines  of  fafce  results  in 
the  lines  being  closer  together. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
«heet . 

 1.     The  stronger  the  magnetic  field  the  more  lines  of  force 

that  a  magnet  will  have* 

2.     Lines  of  force  act  as  if  they  are  elastic  bands, 

 3.     The  greater  the  strength  of  a  magnet,  the  closer  together 

the  lines  of  xorce  are. 
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Anivtri  to  Frame  7:       T    1,       T    2,       T  3, 

FffiM  8 
# 

There  ere  several  basic  laws  concerning  magnetic  fields.  We 
have  already  discussed  that  (1)  lines  of  force  travel  from  north  pole 
to  south  pole  outside  the  aagnet  (soutu  to  north  Inside  the  magnet); 
(2)  lines  of  force  form  continuous  loops;  and  (3)  lines  of  force  a*e 
elastic  and  act  as  if  vender  tension.    In  figure  6,  we  observed  that 
the  lines  of  force  never  crossed  one  another.    Magnetic  fields  (lines 
of  force)  have  no  known  insulator.    There  is  no  known  substance  In 
the  world  through  which  a  magnetic  field  cannot  pass. 

r^  NOT  MASK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet • 

 1.      Rubbet  does  not  allow  the  passage  of  lines  of  force. 


2.  Lines  of  force  will  never  cross  one  another* 

3.  Lines  of  force  are  cnly  continuous  on  the  outside  of  the 
magnet. 

4.  Lfnes  pi  force  travel  from  north  to  south  outside  the 
magnet. 


3S4 
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Answers  to  From  8: 


1. 


T  2. 


3. 


T  4. 


Frame  9 


When  a  bar  magnet  la  broken  Into  two  separate  pieces  (refer  to 
figurtf  7  below)  it  can  be  easily  shown  that  each  piece  will  have  a  - 
north  pola4and  a  south  pole.    The  piece  which  contains  the  north 
pole  of"  the  original  magnet  will  establish  a  south  pole  at  the  end 
where  the  break  occurred,  and  the  piece  that  fcad  the  south  pole  of 
the  original  magnet  will  establish  a  north  pole  at  the  end  where 
the  break  occurred.    Each  of  the  broken  pieces  of  the  original 
magnet  can  be  broken  Into  two  more  pieces  and  you  will  have  four 
magnets.    Each  time  the  magnet  is  broken,  a  new  pole  is  established 
,  at  the  newly  broken  end  and  that  pole  is  of  the  opposite  type  to  the 
pole  at  the  other  end.    If^you  would  continue  to  break  the  magnet 
Successively  in  half  until  molecular  size  were  obtained,  you  would 
find  that  the  tiny  molecule  is  a  magnet  possessing  both  a  north  pole 
and  a  south  pole,  with  its  own  magnetic  field. 


Poles  of  a  bar  magnet 


Poles  of  a  bar  magnet 
After  breakage  . 


^Figure  7.  # 

These  tiny  magnets  which  are  so  small  that  they  cannot  be  seen 
with  a«hicroscope ,  are  thoughJS^of  as  being  originally  Jumbled  ^at 
random,  with  no  definite  order.    This  is  illustrated  in  part  A  of 
figure  8.    Considering  that  these  molecules  are  tiny  magnets,  you 
might  expect  that  they  would  automatically  align  themselves  to  form 
a  magnet.    Internal  stress  in  the  iron  or  steel  can  override  the 
small  magnetic  fields  of  these  magnets  and  hold  them  Immobile,  so 
that  they"  maintain  thr ir  haphazard  alignment.    An  artificial  magnet 
can  be  made  by  stroking  an  iron  otf  steel  bar  with  a  permanent  magnet, 
as  shown  ,in  part  A  of  figure  8,  provided  that  the  strokes  are  made 
in  the  same  direction.    If  this  process  is  contii  ued',  we  can  align 
the  molecules  as  shown  in  .part  B  of  figure  8  and  we  have  a  magnet. 
This  process  Is  referred  to  as  magnetic  induction.    Heating  or 
jarring  a  magnet  greatly  weakens  its  magnetic  force,  since  both  of 
these  processes  make  it  easier  for  the  molecules  to  move  back  to 
their  randomly  oriented  position. 
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Fran*  9  (Continued) 


.  \  ^  ■ 


MMnrrmo  mo. 
Figure  8. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark. the  following  true  statements  with  a  "T"  on  the  response 
sheet • 

 1.     a  magnet  is  thought  to  be  composed  of  many  tiny  magnets, 

each  with  its  own  magnetic  field. 

 2.     The  molecules  of  steel  will  automatically  align  themselves 

to  form  a  magnet. 
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Answers  to  Frame  9:       T    1.  2. 

Frame  10 

DO  Nofl^C  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T*  on  the  response 
sheet. 

1.  Flow  from  south  to  north  Inside  the  magnet. 

2.  Form  continuous  loops. 

3.  Will  pass  through  any  substance. 

4.  Will  cross  only  at  the  poles. 
 5.     Are  concentrated  inside  the  magnet. 


6.  Are  elastic  and  act  as  If  under  tension. 

Write  the  letter  for  one  correct  answer  of  the  four  given  on  the 
response  sheet. 

7.  Which  of  the  following  substances  are  used  in  making 
temporary  magnets? 

a.  Hard  steel. 

b.  Soft  iron. 

c.  Soft  silver. 

d.  Glass. 

8.  Which  of  the  following  substances  are  used  in  making 
permanent  magnets? 

a.  Hard  steel. 

b.  Soft  iron. 

c.  Soft  silver. 

d.  Glass, 
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Frame  10  (Continued) 

DO  MOT  MARK  IN  THIS  TEXT. 

HARK  the  follovlng  true  statements  with  a  "Th  on  the  response 
sheet. 

9.     Unlike  magnetic  poles  repel  each  other. 

10.  Permanent  magnets  retain  their  magnetism  for  long  periods 
of  time. 

i 

11.  The  space  surrounding  a  magnet  In  which  the  magnetic  lines 
of  force  exist.  Is  called  a  magnetic  field. 

 12.     If  a  magnet  Is  broken  in  half,  It  will  no  longer  have 

any  magnetic  strength. 

13.     All  of  the  following  are  good  magnetic  substances:  alnlco 
cobalt,  steel,  and  gold.  i 


3SS 


14 


Answers  to  Frame  10:       T    1.       T    2.       T_3.   4.       T  5. 


T    6.    7.    b     8.    a   9.       T  10, 

T  11.   12.   13. 


Frame  11 

Thar*  ara  a  few  terms  related  to  magnetism  that  you  should  be 
familiar  with.    The  first  term  is  permeability,  which  is  the  measure 
of  the  ease  with  which  a  given  material  can  conduct  magnetic  lines 
of  force  as  coopered  to  air.    The  permeability  of  a  vacuum  is.chof.en 
to  have  a  value  of  1.    The  permeability  of  air  has  a  value  of  1.00004; 
thus,  for  all  practical  purposes  it  can  be  considered  as  equal  to  1. 
The  permeability  of  iron  is  very  high,  depending  upon  the  grade, 
generally  about  10,000.    This  means  that  the  magnetic  field  will  find 
a  path  through  iron  that  is  10,000  times  easier  to  follow  than  that 
through  air.    The  property  of  permeability  is  used  to  direct  end 
concentrate  a  magnetic  field  with  respect  to  a  given  point  in  space. 
Figure  9  shows  how  a  magnetic  field  between  the  north  and  south  poles 
of  a  bar  magnet  is  distorted  or  directed  into  a  desired  path  through 
.a  soft  iron  bar.    An  important  application  of  this  property  of  permea- 
bility is  the  use  of  magnetic  shields,  which  are  made  of  highly 
permeable  materials,  such  as  soft  iron,  to  protect  delicate  instru- 
ments from  damage  due  to  an  external  magnetic  field.    If  any  magnetic 
substance  is  placed  in  a  magnetic  field  it  can  become  mange tized. 
Many  delicate  instruments,  such  as  watches  and  meters,  are  rendered 
quite  useless  if  some  of  their  parts  "become  magnetised. 


sorr  iron  sam 
Jjjfcgure  9. 

If ,  as  in  figure  10,  a  soft  iron  ring  is  placed  around  the 
Instrument  to  be  protected,  the  lines  of  force  from  the  magnetic 
,  source  will  follow  the  permeable  path  through  the  soft  ring,  and 
thus  be  deflected  away  from  the  instrument  inside.    Your  watch 
is  probably  another  example  of  shielding.    The  back  of  it  probably 
specifies  that  your  watch  is  antlmagnetic  or  nonmagnetic.  This 
mans  that  the  back  is  made  up  of  a  highly  permeable  material. 

15 
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Ft  cm  11  (Continued) 


Figure  10. 


DO  NOT  HARK  IN  THIS  TEXT* 

Fill  In  each  blank  with  the  correct  term  on  the  response  sheet. 

1.  The  msaeure  of  the  esse  with  which  a  given  material  can 
conduct  magnetic  lines  of  force  as  compared  to  air  is 
called  . 

2.  A  highly  permeable  substance  used  to  protect  a  delicate 
Instrument  from  magnetic  lines  of  force  is  called  a 


r 
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Answers  to  Frame  11:    1.    permeability     2.    magnetic  ahield 

Frame  12 

Another  term  that  you  ahould  be  familiar  with  ia  retentivity, 
which  ia  the  ability  of  a  materiel  to  retain  its  magnetiam.  Since 
steel  holds  ita  magnetism  longer  than  aoft  iron,  steel  has  much  more 
retentivity  than  doea  aoft  iron.    It  me ana  that  a  materiel  with  good 
retentivity  will  make  a  good  permanent  magnet.    Another  term  that 
ia  very  similar  *o  retentivity  is  residual  magnetism. 

Reaidual  magnetiam  la  the  amount  of  magnetiam  held  by  a  substance 
after  the  magnetizing  force  haa  been  removed* 

Hard  ateel  will  have  very  high  reaidual  magnetiam  so  it  has  high 
retentivity,  whereas,  aoft  iron  will  have  small  amounts  of  residual 
magnetiam  and  a  low  retentivity. 

DO  NOT  HARK  IN  THIS  TEXT. 

Fill  in  the  blanks  with  the  correct  terms  on  the  reaponae  sheet. 

1.  The  amount  of  magnetiam  retained  by  a  substance  after 

the  magnetizing  force  ia  removed  is  called   . 

2.  The  ability  of  a  material  to  retain  its  magna tism  is 
called  .  f 

it 

3.  Temporary  magnets  have  (small/large)        "  . 

amounts  of  residual  Magnetism  and  (high/low)  _ 
retentivity. 

4.  Permanent  magna ta  have  (high/low) 

retentivity  and  large  amounts  of   magnetiam. 
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Answers  to  Frame  12:    1.    residual  magnetism     2.  retentivity 

3.    small,  low     4,    high,  residual 

Frame  13 

The  next  term  you  will  be  concerned  with  In  your  study  of 
magnetism  la  magnetic  saturation.    A  substance  la  said  to  be 
magnetically  saturated  If  Increasing  the  strength  of  the  magnetising 
force  will  not  produce  any  additional  magnetic  field  in  the  substance. 
The  type  of  material  that  la  being  magnetised  will  determine  the 
point  where  the  material  be cornea  magnetically  saturated.    Soft  Iron 
has  a  much  lower  saturation  point  than  steel  or  alnico. 

DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 

1.     All  magnetic  materials  have  the  same  saturation  point. 

 2.     Increasing  the' strength  of  the  magnetic  source  above  tha 

saturation  point  will  cause  a  rapid  increase  In  magnetism 
of  the  material  being  magnetized. 

 3.     St««l  will  reach  its  saturation  point  before  soft  iron. 

) 
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Answers  to  Frame  13: 


1. 


2. 


3. 


Frame  14 

DO  NOT  HARK  IN  IBIS  TEXT. 

Ketch  the  terms  on  the  right  to  their  ^definition  on  the  left  by 
placing  the  correct  letter  in  the  blank  provided  on  the  response  sheet. 


1. 


2. 


3. 


4. 


5. 


TERMS 

a.     Magnetic  saturation 
Permeability 
Magnetic  shield 
Residual  magnetism 
Retentivity 


b. 
c. 
d. 
e. 


DEFINITIONS 

Highly  permeable  material  used 
to  protect  delicate  Instruments 
from  damage  due  to  an  external 
magnetic  field. 

Measure  of  eaa*  with  which  a 
jiven  material  can  conduct 
lines  of  force. 

Ability  of  a  material  to 
retain  its  magnetism. 

Point  where  the  magnetic 
strength  of  a  material  will 
not  increase  with  an  increase 
in  the  r*gnetixing  force. 

  Amount  of  magnetism  retained 

by  a  substance  after  the 
magnetising  force  is  removed. 

Mark  the  following  trus  statements  with  a  "T"  on  the  response 
sheet . 


j>.      Scft  iron  will  make  a  good  permanent  magnet. 

_7.     A  permanent  magnet  will  retain  its  magnetic  force  for  a 
long  period  of  time. 

_8.\    Two  north  poles  will  attract  each  other. 


_9.     Magnetic  field  is  concentrated  inside  the  magnet. 


JO.   *  The  stronger;  the*  magnetic <field  the  more  "lines  of  force 
that  a  magnet  wj.ll  have. 

11.     Lines  of  force  flow  AiromAorth  to  south  outside  the  magnet. 

_12;     Hard  steel  will  have  higher  retentivity  than  soft  iron. 
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Annv*rw  to  Kr/w  14:       c    JL.       b    2.       g    3,       a    A,       d  5. 

6.       T    7.   8.       T    9,       T  10, 


T    11  •  T_H. 


Frame  15 

Up  to  this  point  we  have  been  concerned  with  the  characteristics 
of  magnets  and  their  magnetic  fields.    In  the  next  frames  you  will 
begin  to  see  the  tie-in  between  magnetism  and  current  flow.  Tou 
will  learn  how  an  electromagnet  works  and  see  some  examples  of  how 
%i  we  use  magnets. 

An  electric  current  has  with  it  certain  magnetic  effects  and  these 
effects  obey  definite  laws.    If  a  compass  is  placed  close  to  a  current 
carrying  conductor,  the  needle  aligns  itself  at  right  angles  to  the 
wire,  thus,  it  shows  that  a  magnetic  field  is  there,  see  figure  12 
below.    The  presence  of  this  magnetic  force  can  be  shown  by  sprinkling 
iron  filings  on  the  flat  piece  of  paper  this  current  carrying  conductor 
goes  through,  see  figure  11  below.    This  shows  that  a  magnetic  field 
exists  In  circular  form  around  the  wire. 


Figure  11.  Figure  12. 


DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 1.     Lines  of  force  exist  around  a  conductor  that  has  current 

flowing  in  it. 

2.     Lines  of  force  form  complete  circular  loops  around  a  % 
current  carrying  conductor, 

 3.     A  conductor  will  always  have  a  magnetic  field  around  it. 
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Answers  to  Frame  15: 


T  1. 


T  2. 


3. 


Frame  16 

la  the  laet  frame  we  sew  that  a  magnetic  field  doea  exist  turound 
a  current  carrying  conductor  (wire) .    Thie  magnetic  field  la  very 
much  like  the  magnetic  field  around  a  permanent  magnet.    We  alao 
saw  that  the  lines  of  force  do  form  cirdee  around  a  current  carrying 
conductor.    Each  line  of  force  around  the  wire  acta  wich  like  an 
elaatlc  band.    When  current  In  the  wire  goea  up  more  linee  of  force 
are  atretched  farther  out  from  the  wires,  but  aa  soon  aa  current  flow 
goea  down,  some  linea  spring  back  toward  the  wire.    Thus  lines  of  force 
act  as  If  they  were  under  tension.    The  circular  lines  around  the 
conductor  in  figure  13  below  show  that  the  lldme^f  force  are  all 
along  the  full  length  of  the  wire. 


*  Figure  13. 

DO  NOT  MASK  IN  THIS  TEXT.    C  — 

Mark  the  following  true  statements  with  a  "T"  concerning  lines 
of  force  around  a  current  carrying  conductor  on  the  response  sheet. 

1.     Form  complete  circles  £rt>und  the  conductor. 

»   2 . v    Act  as  if  they  ariTundfer  tension. 

3. 


Extend  farther  into  space 
the  conductor  Is  increased 


whe^t 


ithe  current  flow  through 


0 
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Answers  to  Frame  16:       T    1.    _JL_2-       T  3, 


Frame  17 

Linis  of  force  around  a  conductor  have  another  distinguishing 
trait  la  \that  they *  form  at  right  angles  to  the  direction  of  current 
flow.    The  magnetic  field  around  a  straight  conductor  does  nc'c  have 
a  north  or  a  south  pole  since  the  lines  of  force  are  in  circles.  The 
way  in  which  current  is  flowing  through  a  conductor  determines  the 
direction  of  the  magnetic  field  abound  it.    A  simple  rule  used  to 
find  the  direction  of  the  magnetic  field  vheu  the  direction  of  current 
flow  Is  known  is  the  left  hand  rule.    It  can  be  stated  as  follows: 
Grasp  the  conductor  in  the  left  hand  with  the  thisnb  pointing  iu  the 
direction  of  current  flow  as  shown  in  figure  14  l^plow.    The  fingers 
will  point  the  way  the  magnetic  field  goes  around  th*  conductor. 
This  rule  can  also  be  used  to  find  the  direction  ofV  current  flow 
through  a  conductor,  if  the  direction  of  the  magnetic  field  is  known. 


Figure  14. 


DO  NOT  MARK  IN  H$IS  TEXT. 

Fill  in  the  blanks  with  the  correct  word(s)  on  the  response  sheet. 

1.  The  direction  of  the  magnetic  field  is  determined  by  the 
direction  of  the   through  the  conductor. 

2.  Reversing  the  current  through  a  conductor  will  

th^  direction  of  the  magnetic  field  surrounding  it. 

3.  Increasing  the  amount  of  current  flowing  through  a  conductor 

vill  the  strength  of  the  magnetic  field 

around  it. 
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Answers  to  Fraaa  17;    1.    current  flow     1.    reverte     3.  increaae 


Frame  18 


If  a  wire  It  beat  into  the  form  of  a  loop,  all  of  the  Unu  of 
f orce  will  go  oq  and  circle  the  conductor  at  they  did  when  tht  wire 
vm  atraight.    Figure  15  below  shows  that  each  lint  of  force  will 
pate  through  the  center  or  intide  of  the  wire  loop  in  the  tame 
direction.    Each  line  ot  force  will  then  circle  around  the  outtide 
of  tfefr^lre  loop  to  complete  itt  path.    The  linet  of  force  are  con- 
centrated Intide  the  wire  loop  cauaing  the  magnetic  ttrength  intide 
the  wire  loop  to  Increase, 


DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  &  "T"  on  the  response 
sheen. 

1,     The  lines  of  force  on  the  inside  of  a  conductor  loop  will 
be  In  the  same  direction • 

'    2.     Reversing  the  direction  of  current  flow  through  the  loop 
will  cause  the  direction  of  the  lines  of  force  to  reverse 
direction. 

3.     The  lines  of  force  on  the  inside  of  a  conductor  loop  will 
oppose  one  another  and  cancel  the  magnetic  effect. 


Figure  15. 
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Answers  to  Frame  18:       T    1.       T    2.   3. 

Frame  19 

If  you  can  remesfeer  the  path  takan  by  lines  of  forca  In  a  bar 
a»g***t,  you  will  see  that  it  is  almost  th?  same  as  the  lines  of  force 
through  •  loop  of  wire.    Lines  of  force  in  a  bar  magnet  all  go  one 
way  Inside  the  mgnet,  then  each  line  completes  its  loop  by  circling 
outside  the  magnet,    A  loop  of  wire  has  poles  just  like  a  bar  magnet. 
All  lines  of  force  go  in  one. side  of  the  loop  and  laave  from  the  other 
side  of  the  loop.    Thus,  a  north  pdle  is  made  on  one  face  of  the  loop 
and  a  south  pole  on  the  other.    See  figure  16  below.    The  side  of  the 
loop  into  which  the  lines  of  force  enter  is  the  south  pole,  While  the 
side  frooi  vhich  the  lines  of  force  leave  is  the  north  pole.  Magnets 
made  by  current  flow  through  coils  obey  the  same  fundamental  laws  cf 
magnetism  (like  polee  repel  and  unlike  poles  attract)  as  do  permanent 
magnets. 


Figure  16. 

.  DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  HT"  on  the  response 
sheet • 

1,     Lines  of  force  flow  from  north  to  south  inside  the  loop 
of  a  current-carrying  wire. 

 2.     The  magnetic -field  around  a  straight  conductor  has  a  north 

and  south  pole. 

 3,     the  magnetic  field  created  by  the  loop  of  a  current-carrying 

conductor  is  very  similar  to  that  of  a  bar  magnet. 

 4,     a  loop  of  wire  with  current  flowing  has  a  north  andfsT  south 

pole. 

3,     if  you  placed  two  current-carrying  coils  so  that  the 
north  poles  faced  each  other,  the  coils  would  be  pushed 
away  from  each  other. 
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Answere  to  Framau*l9 :  1.   2.       T    3,       T   4,       T  3. 

Frame  20 

'The  ■agnatic  jfialda  of  two  parallal  wlraa  with  thair  currant 
f  loving  la  the  same  direction  ara  shown  in  figurt  17  below. 


Figure  17. 


Notice  that  In  the  area  between  the  conductors,  the  magnetic  lines 
of  force  oppoae  each  other,  while  the  rest  of  the  lines  of  force  join 
to  form  complete  magnetic  loops  which  are  stronger  than  the  field  * 
around  either  of  the  separate  conductors.    The  magnetic  fields  of  the 
two  conductors  will  join  only  If  the  currents  ere  flowing  In  the  same 
direction* 

DO  NOT  MASK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

1.  The  magnetic  fields  of  two  parall'*  conductors  with  current 
flow  In  the  same  direction  will  be  additive. 

2.  The  magnetic  fields  of  two  parallel  conductors  with  current 
flow  In  opposite  directions  will  be  additive, 

3.  The  magnetic  lines  of  force  between  two  parallel  conductors 
with  current  flow  in  the  same  direction  will  combine. 

4.  The  number  of  parallel  conductors  with  current  flowing 
In  the  same  direction  determine  the  overall  magnetic 
strength. 
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Answers  to  Fraa*  20:       T    1.   2.   3.  — I — *• 

Frame  21 

«hen  m  wire  Is  wound  into  s  coll  of  many  loops  or  turns,  the 
magnetic  fields  sround  sll  th«i  loops  of  wire  tend  to  join  to  form 
e  lergo  magnetic  field.    The  negnetlc  field  of  this  coll  goes  one 
way  Inside  the  coll  and  the  opposite  way  outside  the  coil.  See 
figure  18  below.    The  external  lines  of  force  leave  the  coil  at  the 
north  pole  and  go  back  to  the  coil  at  the  south  polar  just  as  in 
s  permanent  magnet.    The  asms  fundamental  laws  of  nagnetlam  apply 
here  aleo.    The  polarity  of  a  coil  (north  or  south  pole)  is  determined 
by  the  way  current  flowa  through  the  coll  windings* 


Figure  18. 


DO  NOT  MARK  d  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 1.     The  polarity  of  a  coil      1  remain  the  same  when  current 

"       direction  is  reversed  through  it. 

 2.     Lines  of  force  travel  from  north  to  south  Inside  of 

a  coil. 

 3.     Adding  mora  turns  on  a  coil  will  cause  the  coil's  magnetic 

strength  to  increase. 
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Answers  to  fn 


21: 


2. 


T  3. 


Frame  22 

Because  the  direction  of  the  aagnetic  field  (polarity)  of  a  coll 
depends  on  the  direction  of  the  currant  flow  through  the  coil,  it  is 
possible  to  figurs  out  which  and  of  tha  coll  is  tha  north  pels.  A 
slap  la  rula  was  aada  to  do  this.    This  nils  is  rafarrad  to  as  tha 
laft  hand  rula.   This  rula  is  as  follows:    Grasp  tha  coil  in  your 
laft  hand  with  your  fingars  pointing  In  tha  dlractlon  of  currant 
flow  through  tha  coll  windings ,  as  shown  in  figure  19  below.  Tour 
thuab  will  point  toward  tha  north  pola  of  tha  coll.    Cars  oust  bs 
taken  to  bs  stirs  tha  fingars  point  in  tha  dlractlon  of  currant  flow 
through  tha  coil  windings. 


*  -TIT 


Figure  19. 

DO  NOT  MARK  IN  THIS  TEXT. 

Fill  in  tha  blanks  with  the  correct  words  on  tha  response  sheet. 

1.      In  using  the  left  hand  rule  as  in  figure  19  above,  your 
i  point  in  the  direction  of  current  flow,  and 

your  points  toward  the  north  pole  of  the 

coil. 
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Answers  to  Frne  21:    fingers,  thumb 
Frame  23 

DO  MOT  MARK  IN  THIS  TEXT. 

ChooM  one  of  the  four  inivers  given  and  write  its  letter  on  the 
response  sheet* 

1.     The  direction  of  current  through  these  coils  is  correctly 
indicated  by  :  


a. 


a.  arrow  A  and  C. 

b.  arrows  B  and  D. 

c.  arrows  A  and  D. 

d.  arrows  B  and  C. 


2.     Circle  the  letters  of  the  coils  that  have  a  north  polarity 
at  point  X. 


XT 


XT 


XT 


0 


G 


6 


b. 


U 

u 

n 

P 

j 

G 


0 


0 
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Answers  to  Frame  23:    1.    d     2.    b,  c 

Fraa*  24 

In  the  last  frame  you  should  have  seen  that  if  the  coil  winding 
direction  remains  the  •«  and  tha  dlractlon  of  currant  flow  ia 
revereed,  tha  polarity  of  tha  coil  will  ba  reversed.    Tha  aama  ia 
>  trua,  if  tha  dlractlon  of  currant  r amain*  tha  same  and  tha  dlractlon 
of  tha  coll  winding  ia  reversed;  tha  polarity  will  also  reverse. 
If  tha  dlractlon  of  winding  and  currant  flow  ara  both  reversed  tha 
polarity  will  remain  tha  aama. 

DO  MOT  MARK  IN  THIS  TEXT. 

Chooee  ona  of  tha  two  answara  given  and  write  its  latter  cm 
tha  reaponae  sheet. 

1.     Which  coil  has  tha  south  pole  at  point  X? 


Answer  to  frm  24:    1.  b 


Prtu»  25 

^0*rJ     There  are  several  things  which  will  effect  the  magnetic  atrengtt 
Iff  a  coil.    Ona  of  thaaa  is  tha  amount  of  currant  flowing  through  the^ 
6oil.    Khan  currant  flow  lncraaaaa ,  tha  magna tic  strength  of  tha  coil 
will  also  increase.    This  factor  la  easy  to  control  bacauaa  it  doee 
not  depend  on  the  physical  make  up  of  the  coll.    Another  factor  vhich 
effects  the  magnetic  strength  of  a  coil  ia  the  number  of  turns  in  tha 
coil.    The  word  "turn"  ea  used  here  refers  to  a  loop  of  the  conductor 
in  the  coil.    The  more  turns  on  the  coil  the  more  magnetic  strength 
the  coil  will  have. 

DO  HOT  MARK  IN  THIS  TEXT. 

Pill  in  the  blanks  with  the  correct  word(s)  on  tha  response 
sheet. 

1.  If  current  flow  Is  decreased  through  a  coil,  the  magnetic 
etrepgfch-tSf  the  coll  will  •  ■ 

2.  If  two  coils  have  the  same  amount  of  current  flowing 
through  them,  then  the  one  with  five  turns  will  have 

(more /leas)  _   magnetic  strength  than  the 

coil  with  two  turns. 


Answers  to  Frame  25:    1.    decrease     2.  more 


Frame  26 

The  magnetic  strength  of  a  coil  is  also  based  on  how  close  the 
turns  In  the  coll  are  to  each  other.    When  the  turns  are  relatively 
far  apart  9  as  shown  below  in  part  A  of  figure  20,  many  of  the  lines 
of  force  will  circle  one  turn  of  the  coil  only*    When  the  turns  are 
close  to  each  other  as  In  B,  a  great  aany  more  lines  of  fqrce  will 
encircle  the  whole  coil.    Thus,  coil  B  will  have  a  stronger  magnetic 
field  than  will  coll  A  (assuming  that  both  coils  have  the  esse  amount 
of  current  flowing  through  then) .    The  relet ionship  between  magnetic 
strength  and  turns  in  the  coll  can  be  sunmed  up  in  the  statement: 
,fThe  greater  the  number  of  turns  per  inch  in  a  coil,  the  greater  its 
magnetic  strength  will  be."   The  magnetic  force  of  a  coil,  which  is 
based  on  the  turns  per  inch  and  the  current  in  the  coil,  is  called 
"magnetomotive  force"  and  is  equal  to  the  current  (in  amperes)  in 
the  coil  «il tip lied  by  the  number  of  turns  per  inch. 


Figure  20. 


DO  NOT  MARK  IN  THIS  TEXT* 

Fill  in  the  blanks  with  the  correct  word(s)  on  the  response  sheet. 

1.  Magnetomotive  force  can  be  increased  either  by  increasing 
the  turns  per  inch  in  a  coil  or  by  increasing  the 
  through  it. 

2.  The  number  of  turns  per  inch  multiplied  by  the  current 

(in  amperes)  is,  equal  to  the  amount  of  

force  in  a  coil. 
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Answers  to  Frame  26:    1.    current     2.  ^^•^Mv^ 
Frame  27 

We  have  Just  ssen  that  the  mtgnetomotive  fores  in  a  coll  affects 
the  msgnetic  strength  of  a  coil.    The  kind  of  material  in  the  core 
of  a  coil  also  affects  the  aignetic  strength  of  a  coil.    If  a  soft 
iron  bar  is  Inserted  into  a  coil,  the  magnetic  strength  of  that 
coil  will  be  increased  tremendously.    The  rets  on  tor  this  is  that 
the  iron  is  such  more  permeable  than  air  and  therefore,  more  lines 
of  force  will  flow  through  the  iron.    We  stated  earlier  it:  this 
programed  text  that  air  has  a  permeability  of  shout  1.0  whereas 
soft  Iron  has  permeability  of  about  10,000.    This  means  that  the 
mgnetomotive  force  necessary  to  produce  one  line  of  force  inside 
a  coll  with  an  air  core,  will  produce  about  10,000  lines  of  force 
if  a  soft  iron  core  is  inserted  into  the  coil.    This  is  partly  due 
to  the  fact  that  the  iron  core  becomes  magnetised  and  its  magnetic 
field  is  sdded  to  the  magnetic  field  of  the  cell. 

DO  NOT  MARK  IN  THIS  TEXT. 

Choose  one  of  the  answers  given  and  write  its  letter  on  the 
response  sheet. 

1.     If  the  magnetomotive  force  in  each  of  these  coils  is  ' 

the  same,  the  magnetic  strength  of  coil  

will  be  such  greater. 


B 


2.     Three  factors  mentioned  in  this  programmed  text  which 
affect  the  magnetic  strength  of  a  coil  are  (circle  the 
letter  in  front  of  the  correct  answer)* 

e.     permeability  of  the  core,  flux  leakage,  end  current 
flow. 

b.  permeability  of  the  core,  turns  per  inch,  and  current 
flow. 

c.  current #  voltage,  and  resistance. 
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Answers  to  Fr 


27:  1. 


B 


2. 


b 


Frame  28 


Reluctance  is  commonly  defined  as  the  opposition  offered  by  a 
magnetic  circuit  (for  instance  a  coil)  to  lines       force.    The  reiuctana 
of  the  coil  depends  on  the  length  of  the  core,  the  cross-sectional  area 
of  the  core  and  the  type  of  material  of  the  core.    The  distinguishing 
traits  of  the  reluctance  of  a  coil  are  comparable  to  those  of  resistance 
in  an  electrical  circuit.    A  substance  such  as  hard  steel  will  have  more 
reluctance  than  will  soft  iron  whereas  soft  iron  has  higher  permeability 
than   dss  herd  steel.    From  this  vt  csn  see  that  permeability  and 
reluctance  are  opposite*. 

DO  NOT  MARK  III  THIS  TEXT. 


Fill  in  the  blanks  with  the  correct  word(s)  on  the  response  sheet. 

1.     The  opposition  offered  by  a  magneticcircuit  tp  lines  of 
force  is  called   . 


V 


2. 


Soft  iron  has  (lower/higher) 
than  does  hard  steel. 


reluctance 
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Answers  tp  Frame  28:    1.    reluctance     2.  lower 
Frame  29 

When  current  flow  1*  increased,  the  magnetic  strength  of  e  coll 
will  Increase  up  to  the  point  of  saturation  of  the  core  material. 
At  this  point  very  little  Increase  In  magnetic  strength^ will  occur 
with  a  current  increase.    The  amount  of  current  that  can  flow  through 
the  coil  is  determined  by  the  sine  of  the  wire  In  the  coil,  the 
. number  of  turns,  and  the  applied  voltage. 

I  DO  NOT  MARK  IN  THIS  TEXT. 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 1.     Magnetic  strength  will  increase  very  rapidly  at  saturation. 


2.     As  current  increases  through  a  coil,  the  magnetic  strength 
will  increase  until  saturation  occurs. 

_3.     Decreasing  the  current  flow  through  a  coil  will  cause  the 
magnetic  field  to  decrease. 
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Answers  to  Frm  29: 

J 


1. 


T  2. 


T  3. 


30 


A  currant  carrying  coll  which  hat  a  cora  of  magna  tic  matarial  % 
ia  cn—nnly  callad  an  alactronagnat .    Many  electromagneta  use  iron 
coraa  dua  to  tha  fact  that  iron  la  aaaily  magna tizad.    Soma  alactro- 
magnata ,  such  aa  the  one  In  figure  21  below,  are  ao  large  and  powerful 
that  they  can  lift  tone  of  scrap  metal  at  one  time.    Other  electro- 
magnet* uaed  In  soma  electrical  and  elee&onic  circuit  a  are  very  email 
Magnate  commonly  uaed  can  be  claeeified  aa  either  permanent  magnate  or 
electromagnets  (temporary). 


DO  NOT  MARK  IN.  THIS  TEXT. 

Fill  In  the  blanks  with  the  correct  word  on  the  response  sheet. 

1.     A  coil  which  Is  wound  on  a  core  of  magnetic  material  is 
called  an   . 


2.     Horseshoe  magnets,  bar  magnets,  compass  needles,  which 

work  without  electrical  power,  are  all   

magnets,  while  magnate  which  get  their  power  from  the 
current, in  e  coil  are   . 


3.     Regardless  of  the  sources  of  tLe  fields  around  magnets, 


Figure  21. 


they  all 


the  fundamental  laws  of  magnetism. 
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Answers  to  Frame  30:    1.    electromagnet     2.    permanent  electromagnets 

'  3.  obey 

Frame  31 

As  stated  earlier,  electromagnets  are  uaed  in  iany  electrical 
devices  such  as  circuit  breakers,  relays  and  micropositioners.  You 
will  study  all  of  them  in  greater  detail  in  a  later  lesson .  However, 
let  us  take  a  closer  look  at  the  use  of  electromagnets  In  a  meter  used 
to  measure  current  flow. 

If  an  electromagnet  is  mounted  on  a  pivot  between  the  poles  of 
a  permanent  magnet  as  in  figure  22,  as  current  flows  through  the  coll, 
the  poles  of  the  electromagnet  will  be  repelled  by  the  poles  of  the 
permanent  magnet.    The  mare  current  that  is  flowing  through  the  coll, 
the  more  the  electromagnet  will  turn.    If  a  needle  is  attached  to  the 
coil  as  in  figure  23  below,  and  a  calibrated  ac*le  is  added,  we  can 
measure  the  amount  of  current  flowing  in  the  coil.  


Figure  22.  23  • 


DO  NOT  MARK  IN  THIS  TEXT. 

Hark  the  following  true  statements  with  a  "T"  on  the  response 
sheet • 

 1.     in  figure  22  the  electromagnet  is  attracting  the  permanent 

magnet. 

 2.     The  coil  in  the  meter  movement  in  figure  22  can  turn  in 

either  direction. 

 3#     Electromagnets  have  many  uses  in  electrical  devices. 
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Answers  to  Frame  31:    1.   2.  T_3. 


^  Frame  32 


DO  NOT  HARK  IN  THIS  TEXT. 


Select  those  jactor(s)  that  causa  the  magnetic  strength  of  an 

electromagnet  to  Increase  by  placing  a  checkmark  In  the  blank  provided 
on  the  response  sheet. 

 1,     Deerease  the  number  of  tarns  of  the  coll. 


2m    Decrease  the  distance  between  tba  turns  of  the  coil. 
J3.  *  Decrease  the  current  flow  through  the  coll. 
_4.     Replace  an  air  core  with  an  iron  core  in  the  ceil. 


_5.  r  Increase  the  distance  between  the  turna  of  the  coil. 

6.  Increase,  the  current  flow  through  the  coil. 

7.  Remove  the  iron  core  from  the  coil. 


3.     Increase  the  number  of  turns  of  the  coil. 

Chooae  one  of  the  answers  given  and  write  its  lettter  on  the 
response  sheet. 

9.     Which  coil  has  the  north  pole  at  poJnt  X? 

a.  b.  "  . 


1 


J 

10.     Which  of  the  following  would  make  the  best  magnetic  shield? 

a.  Hard  steel.  t 

b.  Soft  iron, 
w.     Soft  silver, 
d.  Alnico. 


3i 
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-newera  to  Frame  32:  1.       T    2.   3.       T   *«   5. 

T  6,   7^  T    8.    9.    b     10.  b 

FttM  33 


DO  HOT  MARK  IN  THIS  TEXT. 

»rk  the  following  true  statements  with  a  "T"  on  the  response 
Attt. 

1,  Soft  iron  la  used  to  make  temporary  magna ta. 

2.  Parmanant  magnate  retain  thalr  magnetism  for  long  parloda 
of  time. 

 3.     Lite  magnetic  polaa  will  attract  aach  othar. 

 4.     Alnico  la  uaed  in  making  parmanant  magnets. 

 5.     Tha  apace  surrounding  a  magnet  in  whJch  tha  magnetic 

force  acts  is  called  a  magnetic  field. 

Select  the  statement (a)  that  correctly  describe  tha  magnetic 
lines  of  force  by  placing  a  checkmark  In  tha  blank  provided  on  tha 
rasponae  aheet. 

6.  Are  elastic  and  act  aa  if  under  tension. 

7.  Will  cross  at  the  poles. 

8.  Will  not  peas  through  glass. 

9.  Form  continuous  loops. 

10.  Flow  from  south  to  north  outsiie  the  magnet. 

Fill  in  the  blanke  with  the  correct  term  on  the  response  sheet. 
A  list  of  terms  Is  given  below  for  you  to  use. 

11.  The  measure  of  tfie  eaaa  with  which  a  Reluctance 
given  material  jul  conduct  magnetic 

%              linea  of  fore*  as  compared  to  air  is  Retentivity 
celled   

Residual  Magnetism 

12.  The  amount  of  mrgnetism  retained  by 

a  substance  after  the  magnetizing  Permeability 
force  ia  removed  Is  called   . 

Magnetic  Shield 

13.  A  highly  permeable  substance  uaed  to 

protect  a  delicate  inatrument  from  Magnetic  Saturation 

magnetic  linea  of  force  ia  celled 
a  • 

14.  Th?  ability  of  a  material  to  retain 
ita  megnetlem  la  called  • 
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Fran*  33  (Continued) 

15.  Point  whara  tha  aagnatlc  atrangth  of 
a  aatarlal  vlll  not  increaaa  with  an 
lncraaaa  in  tha  aatnatlalng  f  orca 
la  callad  . 

16.  Tha  opposition  of farad  by  a 
■agnatic  circuit  to  Una  a  of 
f  orca  la  callad  . 


,  Anavara  to  Frama  33: 


T 

_1. 

T 

__2. 

3. 

• 

T 

,  4« )' 

T 

__5. 

 T. 

__6.  ft 

_7. 

8. 

T 

9. 

10. 

11. 

Parne ability 

12. 

Residual  Magna tiam 

13. 

Magnatic  Shi a Id 

14. 

Ratantivity 

15. 

Magnatic  Saturation 

16. 

Raluctanca 

\ 
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FOREWORD 


This  programmed  text  vaa  prepared  for  um  In  the  3ABRA2331 
v  Instructional  eye tern.    Tha  matarlala  contalnad  haraln  haa  baan 
validated  using  atudahta  anrollad  In  tha  3ABR42331  couraa. 
Ninety  parcant  of  tha  studenta  taking  this  text  hava  raachad 
or  susf aeaed  tha  crltarlon  called  for  In  tha  appro vad  laaaon 
objactlva.    The  avaraga  studant  raquirad  2  hours  and  54  minutes 
to  complete  tha  taxt. 

OBJECTIVES 

1.  Salact  basic  facts ,  tarns,  and  laws  usad  In  the 
ganaratlon  of  an  alactromagnatlc  fiald. 

2.  Salact  tha  basic  symbols  and  tarns  usad  In  alactrlcal 
circuits • 

Each  of  tha  above  objectives  will  be  accomplished  with  a 
minima  of  80%  accuracy. 

J 

INSTRUCTIONS 

Read  each  frame  carefully  beginning  with  the  first  frame. 
Answer  the  questions  at  the  end  of  each  frame  In  accordance 
with  tha  instructions  provided  in*  the  frame.    Check  your 
responses  with  tha  correct  answers  which  are  located  on  the 
top  of  tha  next  frame.    If  you  made  an  error »  determine  the 
cauee  and  correct  it  before  going  on  to  tha  next  frame.  When 
>ou  complete  this  lesson,  contact  your  instructor  for  further 
instructions.    Write  all  your  answers  on  the  response  sheet. 
DO  NOT  HARK  IN  THIS  TEXT! 


\ 
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Frame  1 


The  most  complex  electric**!  circuit  can  be  reduced  tp  a  very 
bealc  circuit.    Therefore,  there  le  e  greet  need  for  you  to  know 
ell  of  the  bealc  eyehole  In  order  to  reed  these  circuits.    A  basic 
circuit  has  five  main  parts  each  of  which  we  will  talk  about  as  we 
move  on  into  this  lesson.    These  five  main  parts  are  the  power 
source  which  supplied  EMF  to  the  load  unit,  conductor,  protective 
device,  and  the  controlling  device. 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

__  1.     Basic  circuits  are  not  meaningful  to  you. 

__  2.     A  basic  circuit  has  five  components. 

  3.     One  of  the  components  of  a  basic  circuit  is  a  power 

source  which  supplies  EMF. 

  4.     One  of  the  components  of  a  basic  circuit  is  a 

multimeter. 


Answers  to  Frame  1:   1.       T    2.     _T  3.   4. 

Frame  2 

First,  let  us  talk  about  some  common  sources  of  EMF.    In  the 
leason  on  electron  theory  we  defined  EMF  as  the  force  that  will 
cause  free  electrons  to  move  in  a  conductor  (wire)  from  a  negative 
potential  to  a  positive  potential.    There  ere  a  lot  of  ways  to 
generate  voltage,  but  we  are  only  going  to  talk  about  three  of 
the  more  common  types  with  which  you  will  be  dealing.    They  are 
chemical*  mechanical,  and  heat. 


Mark  the  following  true  statementr  with  a  "T"  on  the  response  sheet. 

  1.     EMF  is  the  force  that  causes  electron  flow. 

  2.     There  ere  only  three  methods  cf  voltage  generation. 

  3.     A  source  of  EMF  is  needed  for  current  flow. 
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Answers  to  Frame  2:        T    1.   2.       T  3. 

Frame  3 

First  of  all  we  will  look  at  the  mechanical  method  that  la  *  >d 
to  make  an  EMF.    In  this  mathod  a  da  vies  is  used  that  will  change 
mechanical  energy  to  electrical  energy.    The  generator  that  we  will 
find  on  our  cars  and  on  an  aircraft  and  those  that  supply  power  to 
our  hones  are  examples  of  this  device.    As  the  generator  is  turned, 
the  conductors  on  the  inside  are  moved  through  (cut)  magna txc  lines 
of  force,  this  will  induce  a  voltage  in  the  conductor. 


MOVfMfMT 


The  above  sketch  shows  this  type  of  voltage  generation  in 
one  of  the  simpler  ways.    You  can  see  that  the  magnetic  field  is 
made  b~  a  "U"  shaped  permanent  magnet.    The  conductor  is  hooked 
to  a  meter  that  acta  as  a  load.    Mechanical  energy  of  some  sort 
is  used  to  move  the  conductor  through  the  magnetic  field.  This 
will  induce  a  voltage  in  the  conductor.    The  voltage  will  flow 
through  the  wires  and  meter  connected  to  the  conductor  and  the 
meter  will  show'  the  amount  of  induced  voltage. 

Mark  the  following  true  statements  with  a  "I"  on  the  response  sheet. 

1.     A  generator  changes  electrical  energy  to  mechanical  energy. 

 2.     Voltage  can  be  produced  by  moving  a  conductor  so  that  it 

cuts  magnetic  lines  of  force. 

  3.     The  energy  used  to  operate  the  electrical  units  on  the 

aircraft  is  energy  that  has  been  changed  from  mechanical 
energy  supplied  by  the  engines. 

4.     The  generator  is  one  of  the  LEAST  used  devices  for 
generating  or  producing  voltage. 
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Answers  to  Frame  3:  1.        T    2.       T     3.  4, 

Frame  4 

In  sketch  MA"  you  can  see  that  the  "U"  shaped  magnet  does  not 
move  but  that  the  conductor  does  move  down.    In  sketch  "B"  note 
that  the  magnet  moves  up  and  the  conductor  does  not  move.  From 
these  sketches  It  la  easy  to  see  that  the  outcome  la  the  same;  a 
voltage  was  lnluced  in  the  conductor*    A  voltage  will  be  made  any 
time  a  conductor  moves  through  magnetic  lines  of  force. 

The  conductor  must  move  across  (not  parallel  to)  the  lines  of 
force  in  order  for  it  to  "cut"  these  lines  of  force.    A  relationship 
will  exist  between  the  motion  of  the  conductor  and  the  angle  at  which 
it  cuts  the  lines  of  force.    This  relationship  is  called  relative 
angular  motion.    It  can  be  said  that  when  there  is  relative  angular 
motion  between  a  conductor  and  a  magnetic  field  a  voltage  wilx  be 
induced  in  that  conductor.    This  is  called  electromagnetic  induction. 
Electromagnetic  induction  is  the  principle  of  operation  of  all 
generators • 


MOVEMENT 


1.  Voltage  is  induced  in  a  conductor  when  both  the  conductor 
and  the  magnetic  field  are  moved  in  the  same  direction  at 
the  same  rate  of  speed. 

2.  If  there  is  relative  angular  motion  between  a  conductor 
and  a  magnetic  field,  electromagnetic  induction  will  take 
place. 

3.  The  motion  required  for  voltage  generation  may  be  provided 
by  moving  either  the  conductor  or  the  field. 
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Answers  to  Frame  4:  1.        T    2.        T  3. 

Frame  5 

You  have  now  learned  how  to  produce  voltage  by  the  mechanical 
method;  now  let  us  s§e  how  voltage  can  go  up  and  down.    This  Is 
done  by  Increasing  the  speed  of  the  relative  angular  motion  between 
the  conductor  and  the  magnetic  field.    This  means  that  the  conductor 
will  cut  more  lines  of  force  in  a  given  time  which  will  cause  the 
Induced  voltage  to  go  up.    Making  the  strength  of  the  field  go  up 
means  there  will  be  more  lines  of  force  for  a  given  area.    If  the 
magnetic  field  was  to  go  up,  and  speed  stay  the  same,  the  conductor 
would  cut  more  lines  of  force  in  a  giventime,  and  the  induced 
voltage  would  go  up.    Another  way  of  making  the  voltage,  produced 
go  up,  is  to  add  more  conductors.    When  a  conductor  is  wound  to 
form  e  coil  (as  thread  on  a  spool) ,  there  will  be  more  conductors 
to  cut  the  lines  of  force.    Since  the  turns  of  the  wire  ere  in  the 
same  direction,  the  voltages  are  additive,  and  the  total  induced 
voltage  will  go  up. 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

  1,     Increasing  the  speed  of  the  relative  angular  motion 

between  e  conductor  and  a  magnetic  field  decreases 
induced  voltage. 

  2.     Decreasing  the  strength  of  the  magnetic  field  through 

whlqji  a  conductor  cuts  the  lines  of  force  decreases 
voltage  induced  in  the  conductor. 

  3.     Increasing  the  number  of  turns  in  a  conductor  cutting 

magnetic  lines  of  force  decreases  induced  voltage  in 
the  conductor. 

  4.     Speed,  strength  of  the  magnetic  field,  and  the  number  of 

turns  of  the  conductor  are  three  factors  which  affect  the 
amount  of  voltage  induced  in  the  conductor  by  electro- 
magnetic induction. 
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Answers  to  Fran*  5: 


1.     _T  2. 


3.     _T  4. 


Frame  6 

The  next  way  of  producing  a  voltage  la  by  the  chemical  method. 
The  battery  in  a  car,  or  the  cell  in  a  flashlight  are  examples  of 
voltage  generation  by  the  chemical  method.    If  any  two  metals, 
which  are  not  the  same,  are  put  in  a  solution  that  will  conduct 
electricity,  a  voltage  is  produced.    The  metals  are  referred  to 
as  plates.    The  solution  in  which  the  plates  are  put  Is  called 
electrolyte.    If  a  plate  of  copper,  and  a  plate  of  aluminum  are 
put  in  a  container  of  4ginklng  water,  a  voltage  is  produced.  In 
the  sketch  below,  note  the  deflection  of  the  needle  on  tfcte  meter 
which  Is  hooked  up  to  the  copper  and  aluminum  plates  in  the 
drinking  water. 


COPtU 


following  true  statements  with  a  "T"  on  the  response  sheet. 

Two  like  metals  immersed  in  an  electrolyte  produce  a 
voltage. 

The  voltage  produced  by  immersing  copper  and  aluminum  in 
drinking  water  Is  produced  by  the  chemical  method. 

Copper  and  iron  plates  immersed  in  drinking  water  produce 
a  voltage. 

The  materials  Immersed  in  electrolyte  to  produce  voltage 
are  called  palates. 


Mark  the 
 1. 

  2. 

  3. 

^   4. 


Hit 


Aomri  to  Pram  6: 


1. 


r  2. 


T  3. 


T  4. 


Frame  7 

Sine*  you  know  ho*r  vol  tag*  can  ba  producad  by  the  chemical  method, 
lat  ua  find  out  how  tha  voltage  can  ba  ralaad  or  lowered.    Ona  way  to 
do  tbla  la  to  uaa  a  diifarant  electrolyte.    A  n4  B  in  tha  sketch  below 
ara  Idantlcal  axcapt  for  tha  alactrolyta.    Tha  ona  on  tha  lelt  uaaa 
drinking  vatar  as  tha  alactrolyta,  and  tha  othar  ona  uaaa  a  aolutlon  of 
vinegar  and  vatar  aa  tha  alactrolyta.    Note  that  tha  vlnagar  and  water 
aolutlon  will  naka  a  graatar  naadla  daflactlon  on  tha  meter.    This  will 
tall  you  that  a  highar  viltage  In  producad. 


a 

a 

( 

i 

WATtt 

—  -  AlUMINUM  -  —  - 

WATtt 
VtNtOAt 

SOLUTION 

Mark  tha  following  trua  atatemants  with  a  "T"  on  tha  reaponae  sheet. 

  1*     If  tha  aame  two  unlike  metals  ara  Immersed  In  a  different 

kind  of  electrolyte,  tha  a ana  amount  of  voltage  Is 
produced. 

  2.     In  the  above  llluatratlon,  voltage  la  being  produced  by 

the  chemical  method. 

  3.     Tha  matera  in  the  illustration  Indicate  that  a  higher 

voltage  la  produced  with  the  electrolyte  of  vinegar  and 
water  aolutlon  than  with  drinking  water. 
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Answera  to  Pram  7: 
Fran*  8 


1. 


T  2. 


T  3. 


W«  have  found  that  tha  aane  combination  of  aetals  when  put  in 
different  typea  of  electrolyte  will  produce  different  amounta  of 
voltage.    By  uaing  different  combinationa  of  metal  plates  in  the 
aaae  electrolyte  we  can  also  produce  different  amounts  of  voltage. 
In  the  sketch  below,  A  and  B  are  identical,  except  that  a  different 
combination  of  metals  have  been  put  in  the  electrolyte.    Note  that 
tha  voltage  produced  by  the  copper  platea  end  the  zinc  plates  i* 
much  higher  than  the  voltage  produced  by  the  copper  plates  and  the 
aluminum  plates. 


Hlio 


WATft 


0 

COMfl 

WATft 

AiUMtNUM 

COMM.         ■   .  i 

ZINC  —  — 

Mark  the  following  true  statements  with  a  "T,f  on  the  response  sheet. 

 I.     Copper  and  aluminum  immersed  in  water  produce  a  higher 

voltage  than  copper  and  zinc  immersed  in  water. 

  2.     Voltage  produced  by  the  chemical  method  can  be  varied  by 

either  uaing  different  types  of  metals,  or  by  the  use  of 
different  types  of  electrolyte. 

  3.      In  the  above  illustration,  voltage  is  produced  by  the 

mechanical  method.  f 
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Aaav.rs  to  Fran  8:   1.     _T  2.   3. 

FraM  9 

Even  though  the  mechanical  and  chemical  methods  are  used  to 
produce  most  of  our  electrical  power,  the  thermal  or  heat  method 
of  voltage  generation  alio  haa  its  uses.    This  method  is  used  in 
heat  indicating  circuits  and  fire  waning  system.    The  device 
Oat  la  used  to  produce  the  voltage  is  called  a  thermocouple, 
la  this  method  when  two  wires  of  unlike  as  tela  are  joined  at  one 
end,  md  heat  Is  put  on  ths  junction  of  these  wires,  a  voltage 
will  ha  produced.    In  the  sketch  shown,  one  wire  is  iron,  and  the 
other  wire  is  cons tan tan  (an  alloy  of  nickel  and  copper).  Heat 
is  applied  to  the  junction  (the  point  at  which  the  two  wires  are 
joined  together),  and  the  meter  that  is  hooked  up  to  the  thermo- 
couple shows  that  a  voltage  la  generated. 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

  1-     A  thermocouple  is  a  device  used  to  produce  voltage  by 

the  heat  Or  thermal  method. 

2.     The  chesdtCal  method  of  producing  voltage,  changes  heat 
{  energy  to  electrical  energy.  *  ' 

 1  3.     If  two'  dissimilar  metal  wires  joined  at  one  end  are 

heated  at  their  junction,  a  voltage  is  generated. 
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Answers  to  Frame  9;        T    1.   2.        T  3, 


Frame  10 

The  voltage  made  by  the  thermal  method  can  be  changed  in  two 
different  ways.    If  the  heat  is  changed,  the  amount  of  voltage 
generated  will  change.    This  is  why  the  thermocouple  can  be  used  in 
heat  indicating  circuits.    As  the  heat  goes  up,  the  voltage  goes  up. 
As  shown  in  the  sketch,  a  meter  can  be  hooked  between  the  ends  of  the 
thermocouple  and  tnust  be  marked  in  degrees  to  ffhow  .the  temperature 
at  the  thermocouple  junction.    The  other  means  of  getting  a  different 
voltage  is  to  .use  two  different  metals  in  the  wires.    In  the  sketch 
shown,  A  and  B  are  the  same  thermocouples,  but  more  heat  is  put  on 
B  than  is  put  on  A,  and  the  voltage  generated  by  B  is  higher.  -  C  and 
D  are  made  of  different  metals.    The  same  amount  of  heat  is  put  on 
each,  but  the  iron-conatantan  tchermocouple  generates  a  higher  voltage 
than  the  chromel-alumel  thermocouple. 


Mark  the  following  true  statement (s)  with  a  ffcE"  on  the  response  sheet. 

  1«      Different  metals  in  thermocouples  produce  different 

amount  of  voltage. 

  2.     Increasing  the  amount  of  heat  applied  to  a  thermocouple 

increases  the  amount  of  voltage  generated. 

  3.      In  the  illustration,  voltage  is  produced  by  the  chemical 

method. 

  The  thermocouple  is  used  to  produce  voltage  by  the 

mechanical  method. 


4£4 


Answers  to  ft  am  10:         I    1.        ?   2.   J.   4. 

Frac*  11 

Hatch  the  definitions  on  the  right  to  the  terms  on  the  left.  Be 
sure  to  distinguish  between  the  device  or  exenple  end  the  method. 
Write  your  answer  on  the  response  sheet. 


Device  that  uses  mechanical 
energy  to  produce  an  ZMF. 

Voltage  is  produced  by  two 
dissimilar  metals  immersed 

in  a  solution  uhich  will 
conduct  electricity. 


c.  Voltage  is  produced  by 
relative  angular  motion 
between  conductors,  and 
a  magnetic  field. 

d.  Device  that  uses  heat  to 
produce  an  EMF. 

e.  Example  of  the  chemical 
method. 

f .  Voltage  is  produced  when 
heat  is  applied  to  two 
dissimilar  metals  which 
are  joined  at  on*  end. 
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1.  M»ci«nicai  atthod 

2.  .  .ry 

3.  Gonoxator 

4.  Qut  or  th.oul  atthod 


5.  ThtraocoupJ 

6.  Ch«ric*l  aethod 


Answers  to  f  aat  U:     c    1.     e  2.       a  3.       f  4,       d  5.       b  6. 


By  now  you  should  understand  that  ths  first  part  of  a  basic 
circuit  is  ths  powersource  which  supplies  BMP.    Examples  of  a 
power  source  are  a  battery,  generator,  and  thermocouple.    In  frame  lt 
we  said  that  there  was  a  need  to  know  basic  synbols  in  order  to  trace 
out  the  circuits.    Symbols  are  used  to  make  identification  of  units 
easier,  and  to  remove  thy  tmed  for  writing  the  name  or  drawing  a 
picture  of  the  unit.    The  schematic  symbols  for  a  battery,  generator, 
and  thermocouple  4 re  shown  below. 


Frame  12 


NOTE:  Short  line  is  negative, 
long  line  la  positive. 


Draw  the  correct  symbol  by  its  term  on  the  response  sheet. 


Thermocouple 


Battery 


Generator 


456 


A  H'l'h- 

temn  to  txmm  12.      *    *      1.      11        2.  3, 


Prsas  13 

Tha  aacead  part  of  a  basic  circuit  la  tha  load  unit.   This  la 
a  dsnrlca  which  asada  currao*  to  parfsra  a  task.   Sow  auapl**  **• 
Isaps,  aotors,  rsslstorsf  sad  colls.    For  turn,  ws  will  ba  concsrnad 
aaialy  with  laapa  sad  raalstort. 


Mark  tha  following  trus  atataasats  with  a  "T"  on  tha  rssponst  shsst 

____  1.  A  load  unit  psrforas  Its  function  by  using  currant* 

2.  A  aotor  la  an  axaapla  of  a  load  unit, 
_____  3.  A  tharaocoupla  la  an  axaapla  of  a  aourcs  of  KMF. 
_p___  k.     A  raaistor  is  s  sourca  of  Etttf . 
 ^  5.     A  laap  Is  s  protsctlva  davica. 
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Anovoro  to  Fr«M  13:     ,  T  1.       T  2.       T  3.   4.  _5. 

fttm  14 

Sow  txiaploo  of  load  units  and  choir  tyabolo  oro  shown  bolov: 


^=3 
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SYMlOi  POI  A  KMIOSTAT 
01  A  VAItAltl  IISISTOI 


IHIOSTAT 


IA*P 


COtOIIO  IAMP$  AKI 
0ISIONATI0  A$  POllOWSi 


© 
0 
© 


ClIAK  I  AMP 


KID  IAMP 


TliiOW  LAMP 


Draw  tha  corract  aymbol*  basida  thair  ttrm  on  tha  raaponaa  shut. 
1.    Variabla  resistor  or  rhaoanafc 


2.    Fixad  raaiator 


3. 


4.    Claar  lamp 
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An«ire»  to  fr«M  14 


1.   2. 


Frame  13 


A  third  pare  of  *  basic  circuit  is  a  conductor*   This  Is  tha 
part  that  la  uaad  to  fom  tha  path' that  currant  viU  follow.    A  wire 
la  tha  Mat  conar    +od  of  a  conductor  uaad*   Tha  schematic  symbol 
for  a  wire  ia  a  s^iid  Una.    Tha  metal  frame.^f  tha  aircraft  can  also 
ba  uaad  aa  a  conductor  (wire) •   To  slap lify  a  feircult,  tha  natal 
fraaa  ia  uaad  aa  ona  of  tha  paths  for  eltars#dftaw^  This  noda  will 
also  cut  down  tha  weight  of  tha  aircraft  by  cutting  down  tha  amount 
of  wiring  tha  aircraft  w*   have*   Whan  Sh^jrlt^^.Jtht  jkatch  below 
la  doaad  tha  circuit  la  coapleted.    ELcctlttne  will  flow  from  tha 
battary  to  tha  aifcraft  fr«at  through  tha ft  rane  to  tha  leap  ground 
wire,  and  on  to  tha  lamp,    from  tha  Imp  thay  nova  on  through  tha 
wire;  to  and  through  tha  switch  to  tha  battary.    A  achamatic 
diagram  of  this  is  shown  balow. 


IAMP 


—         SWITCH  SYMIOI 


LAMP  SYMtOt 


i 


OICUNO 


NOTf, 

THIS!  SYMtOlS  MMfSfNT  THI  CONNECTIONS 
TO  THI  MAMI  (OIOUNO) 


Mark  tha  following  trua  atateaenta  with  a  "TM  on  tha  rasponsa  sheet , 


ia  a  ground  connection  symbol, 


Fram*  15  Cont'd 
i  2.     The  aircraft  etructure  la  uaad  aa  a  conductor. 

mmmm,  3.     A  wire  la  tha  only  conductor  uaad  in  tha  aircraft. 

*n*«  cmi  of  sons  units  la  uaad  aa  a  conductor. 

Answers  to  Fraaa  15:    T_l.     T_2.   3.      T  4, 

Praaa  16 

Below  ara  tha  symbols  wldaly  uaad  to  Indicate  connection  or  no 
connection  of  conductors, 

1.     Crossing  (no  connection.)  , 


2.  Connection. 


3,     Ground  connection. 


Draw  the  correct  symbol  beside  its  nana  on  the  response  sheet. 

1.  Ground  connection  . 

2.  Croaaing  (no  connection) 

3.  Connection  _____ 
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Answer*  to  fx  mm  16. 

17 


I. 


2. 


Lttf  •  check  to  sm  hew  «uch  you  have  learned. 


I.  :  Mitch  the  tint  on  the  right  with  the  component*  on  the  loft. 
Som  torn  will  bo  used  aore  than  once.   Writ*  your  mower* 
off  the  reepooee  sheet  s 


1.  Motor 


fa  Load  unit 


2.  lottery 

3.  Wire 

4.  teoletor 

5.  Thermocouple 

6.  Aircraft  structure 

7.  Cote  of  a  unit 

8.  Generator 

9.  Lamp 


b.  Conductor 

c.  Source  of  EMF* 
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Fran*  17  (Cont'd) 

II.   Hatch  the  terms  on  the  right  with  the  symbols  on  the  lsft. 
Writs  your  answers  on  ths  response  sheet. 


1. 


2. 


HWI>- 

A 


Generator 


b«  Lamps 


v 


3. 


+ 


c.  Thermocouple 


d.     Variable  resistor 


5. 


c.     Conductors  connected 


6. 


7. 


C©3 

I 

1 


f  •  irotind 


g.     Resistor  fixed 


8. 


9- 


Battery 


Conductors  crossing 
(no  connection) 


If  you  missed  any  of  the  above,  review  the  appropriate  frame 
before  proceeding  with  frame  18. 

If  you  got  them  all  correct,  proceed  with  frame  18. 
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Answers  to  Frame  17: 

Section  I:       a  1.  c  2.     b  3.    a  4.     c  5.     b  6.     b  7,     c  8.     a  9 

Section  II:     h  1.  c  2.     !3/b4,     g  5,     a  6.     f  7,     a  8.     d  9 

Frame  18 


So  far  va  have  gona  ovar  thrae  parta  of  a  baaic  circuit.    We  have 
two  sore  parta  left,  a  controlling  device  and  a  protective  device*  The 
controlling  device  la  uaed  to  turn  the  circuit  ON  end  OIF.  Svitchea 
and  relays  ere.  uaed  for  thie  purpose.   The  relay  la  uaed  as  a  remote 
control  type  of  eiritch.   Tou  have  uaed  a  switch  each  time  you  turned 
your  room  light  on  end  off.    There  are  a  lot  of  different  type*  of 
switches- and  relaya  that  will  ha  gene  over  in  a  later  lesson, — For  the 
preaent,  remember  that  relays  and  svitchea  are  controlling  devices. 
Shown  here  is  the  synbol  for  e  basic  switch. 


ftark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

1.     The  relay  is  the  only  controlling  device  that  you  will  uaa. 
 2.     The  symbol  for  a  switch  is  0  . 

__  3.  ,  A  controlling  device  la  uaed  to  turn  a  circuit  ON  and  OFF. 
  4.     A  switch  is  a  controlling  davica. 
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Answers  to  Fran*  18:   1.       T  2.      T  3.       T  4. 

Frame  19 

To  dost  a  switch  nam  to  turn  the  twitch  to  a  position  which 
will  allow  currant  to  flow  through  it.    Thus,  to  open  a  switch  means 
to  turn  the  switch  to  a  position  which  will  no    allow  current  to 
flow  through  it. 


Figure  1. 


In  figure  1  we  have  a  source  of  EMF  (power),  conductor,  load  unit, 
and  a  controlling  device.    Mote  that  the  switch  Is  open.    Thus,  we 
have  a  circuit  which  will  not  have  a  complete  path  for  current  flow. 
Now  if  we  close  the  switch,  as  In  figure  2,  we  will  have  a  complete 
path  f4r  current  to  flow  to  the  load. 


Figure  2.  Figure  3. 


Mark  the  following  true  statements  with  a  *T"  on  the  response  sheet. 

  1.     In  figure  3,  there  la  a  complete  path  for  current  flow. 

mmmmmm  2.     In  figure  3,  if  the  switch  i#  closed  there  will  be  a  complete 
path  for  current  ffrov* 

 3.      Figure  3  shows  a  complete  circuit  of  a  switch,  conductor, 

resistor,  and  a  generator 
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Jaavare  to  Frme  19:         1,       T  2.   3. 

fxmm  20 

Tha  fifth  and  last  part  of  a  baaic  circuit  la  a  protactiva 
davica.    It  la  uead  to  protact  tha  circuit  againet  too  high  a 
currant  flow,   Teo  axaoplaa  of  protactiva  davicaa  ara  fuaaa  and 
circuit  breakers.    Tha  naln  diffaranca  between  tha  two  la  that 
a  circuit  braakar  can  ba  raaat  and  rauaad,  vhila  a  fuaa  cann6t 
and  mat  ba  raplacad  If  blown.    Thara  ara  many  typaa  of  fuaaa 
and  circuit  braakara.   tou  will  study  these  in  a  latar  laaaon. 

Tha  baaic  syabol  for  a  fuaa  la   .  {\J      .    Tha  eynbol  for  on* 

typa  of  circuit  braakar,  tha  push-pull  la     /*v    .  H 

Hark  tha  following  trua  statements  with  a  "T"  on  tha  response  sheet. 
'  1.     Tha  symbol  for  a  fuaa  la 

f\J. 

,        2.     k  fuaa  can  ba  raaat.  % 

mmmmmmm  3.     Tha  ayabol  for  a  puah-pull  circuit  braakar  la  . 

l  4.     A  protactiva  davica  protacta  tha  circuit  froii  an  undar- 

voltaga  condition. 

5.     Fuaaa  and  circuit  braakara  ara  protective  davicaa. 


Anaware  to  Frame  20:     T    1.   2.       T  3.   4.       T  5. 

Frame  21 

Draw  tha  correct  symbol  baaida  its  name  on  the  reapcnaa  sheet, 

1.  Switch  open  . 

2.  Switch  cloead 


3.  Puah-pull  circuit  braakar 

4 .  Fuaa   
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Answers  to  frame  21.     *     •  1.   »      •  2.  3.       w  4. 


Prime  22 


In  tha  leeeon  you  had  on  Electron  Theory  EMF,  Currant,  and 
Saalatanca  vu  defined.    In  thla  frame  wm  will  review  tha  ds^initione 
of  EMF  and  currant  and  add  some  other  facta  you  naad  to  knov  about  than. 


EMF  la  tha  fovea  that  la  naadad  to  cauaa  currant  to  flow.    EMF  la 
tha  abbravlatlon  for  electromotive  force.   Thera  ara  othar  tana 
which  hava  almost  tha  same  meanings,  Ilka  voltage,  potantlal  dlfferance, 
and  alactrlcal  preeaura.    Tha  symbol  we  uaa  for  all  thaaa  texmf  la  E. 
Tha  unit  of  aaasurement  of  EMF  la  tha  volt.    One  volt  is  tha  praaaura 
that  la  raqulrad  to  aand  ona  aaoara  of  currant  through  a  raaiatanca  of 
ona  ohm.    Tha  aynbol  for  volt  la  V. 

Currant  waa  daflnad  aa  tha  flow  of  alactrona  through  a  conductor 
from  a  negative  potantlal  to  a  poaittva  potantlal.    Again  It  wmt  ba 
•aid  that  thara  ara  taxma  that  hava  Jtoat  about  tha  aame  meaning  aa 
currant.    Thaaa  ara  alactron  flow,  intanalty,  and  amperage.    Tha  ayobol 
for  all  thaaa  taxma  la  I.    Tha  unit  of  measurement  for  currant  la  tha 
aapara.    Tha  symbol  for  ampera  la  a. 

Placa  tha  symbol  In  tha  blank  space  on  tha  response  sheet  for  aach  of 
tha  following  tarma. 


1. 

alactroootlva  fore* 

2. 

currant 

3. 

volt 

4. 

potantlal  dlffaranca 

5. 

anpara# 

6. 

voltaga 
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Anowora  to  Fraaa  22:      I  1.      I  2.      V  3.      E  4.      a  3.      E  6. 
Proao  23 

Koolatanco  la  tho  opposition  to  currant  flow  In  a  dc  circuit, 
tho  symbol  for  raolatoaco  it  t.    Tho  unit  of  aoaauroaant  of  roolatanca 
la  tho  ohm.   CM  ota  la  tho  voluo  of  roolotanco  through  which  1  oaporo 
of  currant  will  flow  whoa  oao  volt  lo  appllod  to  it.   Tho  symbol  for 
ota  U  tho  Orook  lottor  oaaga,  writton  oo  0. 

Mark  tho  following  two  atatoaaata  with  o  "T"  on  tho  rooponoo  shoot. 

1.     loolo tames  la  tho  opposition  to  current  flow  in  o  DC 
circuit.  *~ 

 2.  Tho  eynbol  for  roolotanco  loj.  

mmmmm  3.     Tho  unit  of  meaeursawnt  for  roolatanca  la  oaoga. 

mmmmm  4.     Tho  symbol  for  ota  io  Q. 

Answers  to  frame  T  1.   2.   3.      T  4. 

frame  24 

Match  tho  symbols  on  tho  right  with  tho  tana  on  tho  loft  and  wrlto 
tho  anowora  on  tho  raaponaa  ahoot. 


1. 

Volt 

a. 

B 

 2. 

Ota 

b. 

V 

 3. 

laalatanca 

c. 

R 

 4. 

Currant 

d. 

a 

 5. 

Ampere 

a. 

ft 

 "Jk. 

Voltaga 

f. 

I 

If  you  mUm  any  of  thoio,  rwtudy  trum*  22  -  %Z  boforo 
proc**dlng  to  tram  23. 

If  you  got  thM«  all  correct,  procaad  to  trim*  23. 
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Aaavora  to  Fraaa  24:   t  b  1,       a  2.       c  3.       f  4. 


d  3.  ^6. 


25 

Tha  aaount  of  volt «go  9  currant,  and  raaiatancs  1a  a  circuit 
it  baaad  oo  tho  typo  of  circuit.    For  ■oaauring  thoqd ivaluaa  wa 
««a  aatara.    To  aaaaura  currant  flow  no  uao  to  «i^r(  to  aoaaura 
potsntlal  difftronco  vt  uii  i  vdltaatar,  and  to  ■opaura  nilituci, 
m  om  aa  otagMtor.   Tho  uoo  of  jhaaa  aatara  wilV'ba  tho  topic  of 
anothar  laaaon.    For  now  wo  Ira  fconcarnad  only  with  tho  ayabols  for 
thooo  aatara.    Thoy  aro  aa  follows  r 


1.  Aaaatar 

2.  Voltmatar 
3*  Ohnmatar 


Mark  tho  following  truo  atataaanta  with  a  "TH  on  tha  rtaponao  ahatt, 

  1*  An  ohaaatar  la  uaad  to  maaaura  currant  Uov  in  a  circuit. 

,    21  Tho  ayribol  for  tho  ohnmatar  la 

  3.  Tho  symbol  for  tho  voltmatar  la 

  4.  Tho  ayvbol  for  tho  amnator  ia 


V33 


kammtn  to  Fraae  25: 

26 


1.  '        2,     .13.       T  4. 


Mow  lat't  combine  too*  of  the  aywbole  you  have  learned  and  draw 
a  basic  circuit. 


VNAAA- 


i 


How  you  will  draw  a  basic  circuit  rn  the  reaponae  eheet  with  a 
battery v  conductor,  circuit  breaker >  awitch,  and  a  lamp,  not  a 
resistor  aa  ehovL  above. 


433 


■:RLC 


26 


Answer  to  Fram^26: 


Fran*  2" 

Ma    i  the  ttrnt.on  the  right  with  the  component-  on  the  left.  The 
ten*  cen  jbe  ueed  more  then  once.    Write  your  answers  on  the  response 
si  jet. 


1. 

Wire 

a. 

Load  unit 

2. 

4  Aircraft  structure 

b. 

Source  of  EMF 

3. 

Resistor 

c. 

Conductor 

4. 

Relay 

d. 

Protective  device 

5. 

Motor 

e. 

Controlling  device 

6. 

Lamp 

7. 

Switch 

8, 

* 

Case  of  unit 

.  9. 

Generator 

|  10, 

Thermocouple 

-  \ 

 11, 

Fuse 

 12. 

Battery 

 13. 

Circuit  breaker 

If  you  missed  any  of  these ,  restudy  the  appropriate  frame 
ate .lag  with  the  question  or  questions  you  missed  before  proceeding 
with  frame  28. 

If  you  got  these  all  correct,  proceed  with  frame  2b. 
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Anewere  to  Frame  27:       g  1.     e  2.     m  3.     e  4.    _aj.    _a_6.  _e_7. 

c  8.     b  9.   1  b  10.    d  11.    b  12.    d  13. 

Frame  28 

fetch  tha  term*  oct  the  left  with  the  eymbole  on  the  right.  Writ* 

-  "®- 

p.  — W\A— 


four  sn* 

»trs  on  the  rstponsQ  shsst. 

1* 

Gsasrstor 

a. 

W 

2. 

Thsnaocoupls  ^ 

D  • 

a 

3, 

Volt 

•V 

4, 

Vsrisbls  rtJistor 

* 

d . 

 5. 

Aattar 

c . 

E 

A 
v  • 

vrouuQ 

i  • 

T 
1 

7, 

Find  rssistor 

8- 

L 

8, 

Voltags 

9. 

Bsttsry 

h. 

i 

10, 

Ohsnstsr 

11, 

assistance 

i. 

Laaps 

 13. 

Current 

j. 

 14. 

Ohm 

 15. 

Voltaater 

k. 

 16. 

Conductors  connsctsd 

 17. 

Aapert 

1. 

 18. 

Circuit  brsakar 

_  19. 

Conductors  crossing 

m. 

 20. 

Switch 

 21. 

Fuss 

n . 

r% 


A 

-W' 


— 0- 

+ 
+ 


Xf  you  missed  any  of  these,  restudy  the  frame  covering  that  symbol 
or  eymbole  before  proceeding  to  frame  29. 


) 


ERIC 
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kawmx%  to  Franc  28:       1  I.       1  2.     _g_3.       m  4.       n  5. 

•  6.       k  i.        q  10.      d  11.  ^12. 
_o_i5.      t  16.     b  17.    6    18-      s  19. 


H2>b 

u  6«       p  7. 

r  20.  h  21, 
Frame  29 


Hatch  the  definitions  on  the  right  to  the  terms  on  the  left.  Be  sure 
to  distinguish  between  the  device  or  example  and  the  method. 


JL.    Chemical  method 
2  •  Thermocouple 
3.  Generator 


4.    Beat  or  thermal  method 


J5.  Battery 
6.  Hechanical 


sthod 


a.  Device  that  uses  mechanical 
energy  to  produce  an  EMF. 

b.  Voltage  is  produced  by  two 
dissimilar  metals  immersed 
in  a  solution  that  will 
conduct  electricity. 

c.  Voltage  is  produced  by 
relative  angular  motion 
between  conductors  and  a 
magnetic  field. 

d.  Device  that  uses  heat  to 
produce  an  EMF. 

e.  Example  of  the  chemical 
method  of  producing  an 
EMF. 

f .  Voltage  is  produced  when 
heat  is  applied  to  two 
dissimilar  a* tali  -<hich 
are  Joined  at  one  end. 


If  you  missed  any  of  these,  res tudy  frames  2-11. 


Answers  to  FVame  29: 


b  1. 


d  2. 


a  3. 


f  4. 


e  5. 


c  6. 
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\     Hill  programmed  text  vu  prepared  for  use  In  the  3ABR42331 
instructional  system.    The  material  contained  herein  hubnn  validated 
using  30  st» -tents  enrolled  in  Ithe  3ABR42331. couree.    Ninety  perfent  of 
the  students  taking  this  text  lurpuMd  ths  criterion  esllsd  for  in  the 
approved  lesson  objective,    Tt>e  average  student  celled  for  in  the  approved 
lesson  oMective.    The  average  student  required  three  hours  to  complete 
ths  text. 

OBJECTIVES 

Select  five  (5)  of  the  six  (6)  elements  that  wake  up  the  wire 
timbering  system. 

Select  coneon  symbols  of  wiring  diagrams*  with  a  minimum  of  80% 
accuracy. 

INSTRUCTIONS 

This  programed  text  presents  information  in  small  steps  called 
"frames/'    Bead  the  material  presented,  select  your  response Cs)  at  the 
end  of  the  frame  as  required.    Do  not  mark  in  the  text.    Enter  your 
response (s)  on  the  response  sheet  provided.    After  you  have  made  your 
selections  check  your  work  against  the  answers  on  the  following  page. 
If  your  selections  were  correct,  go%n  to  the  next  frame  and  repeat  the 
above  procees.    If  you  have  made  an  Incorrect  response,  reread  the  frame 
ratil  you  understand  your  error  and/or  see  your  instructor.    After  you 
complete  the  text  and  response  sheet  see  your  instructor  for  the  appraisal 
teet. 


Supersedes  3ABR42331-PT-117,  14  Auguet  1972. 
OPft:    3370  TCHTG 
DISTUBOTION:  X 

3370  TCHTC/TTCU-P  -  400;  TTVSA  -  1 
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Frame  1 

*  Many  allee  of  electrical  wire  art  uaad  to  connect  the  various  units  into 
operational  systems.    These  wires  art  cha  connacting  liidcs  between  tba  sour c a 
of  power  and  tba  unit  te^irlngptoer.    By  placing  a  number  of  thaaa  wires, 
malts,  and  circuits  togathar  et&njtg  diagram  is  formed*    Aa  a  mechanic, 
you  will  ba  callad  upon  to  uaa  and  interpret  thaaa  wiring  diagrams;  that  is, 
idantlfy  tha  symbols  used,  ldantlfy  *he  vires,  and  traca  tha  alactrical 
systems.    Hiring  diagrams  can  help  you  gain  an  understanding  of  how  tha 
systam  works*    Wiring  diagrams  ara  also  «  Valuable  aid  in  troubleshooting 
tha  alactrically  oparatad  portions  of  tha  numerous  systema  that  make  up  the 
aircraft  control  eye tame.  * 

Place  the  letter  T  beside  each  of  the  following  true  statements* 

1.  Training  on  the  proper  use  and  interpretation  of  wiring  diagrams 

is  important  to  you  because  you  will  have  to  check  aircraft  circuits. 

2.  A  wiring  diagram  on  an  aircraft  air  conditioning  system  will  help 
you  troubleshoot  the  system. 

3.  To  be  *ble  to  use  a  wiring  diagram  efficiently  you  must  be  able  to 
identify  the  symbols,  identify  the  wire,  and  trace  a  wire  that  is 
used  to  operate  a  unit. 


3 
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Anevert  to  Fn 
Fr«e  2 


I:  1. 


2. 


3. 


Soot  AH  connector*  are  shown  below  In  Illustration  #1.    They  are  u*td  where 
an  electrical  unit  oust  be  removed  and  reinstalled  easily  and  quickly. 
These  connectors  consist  basically  of  a  plug,  a  receptacle,  and  a  coupling 
nut  which  holds  the  unit  together.  *  Both  the  plug  and  receptacle  consist  of  an 
aluminum  shell  containing  an  Insulated  insert  which  holds  the  — atact  points. 
The  syri>ole  shown  in  illustration  #2  below  are  used  on  electrical  wiring  diagrams 
to  illustrate  the  AH  connectors.    The  symbols  in  illustration  2A  ami  2B  are 
used  on  son  diagrans  to  iUustrats  the  plug  and  receptacle  on  sons  connectors. 
The  symbol  shown  In  illustration  2C  is  also  used  to  Illustrate  the  plug  and 
rccsptacls  of  these  connectors.    The  letter  in  front  of  each  connector  number 
denotes  whether  it  is  a  plug  or  rsceptacle,  F  standing  for  plug  and  J  standing 
for  receptacle. 


tlLUSTftATlOK    #  2 

t  LLuSTff  ATlOft  #1 

Place  the  letter  T  beside  each  of  the  following  true  statements. 

1.  Symbols  are  used  on  wiring  diagrams  to  indicate  the  components 
required  in  the  electrical  system. 

2.  In  connector  number  P159,  the  letter  P  indie  es  that  thi*  section 
of  the  connector  le  a  receptacle. 

3.  Connector  plugs  and  receptacles  are  used  where  an  electrical  unit 
must  be  removed  and  reinstalled  easily  and  quickly . 
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Answers  to  Fran  2:    U      T       2.      F       3.  T 

Fr  am  3 

A  terminal  block  (strip)  and  terminal  are  shown  btlow  in  Illustration  1. 
Thsrs  Is  s  •ingle  row  of  terminal  posts  (studs)  sat  In  sons  Insulating 
material.     This  is  shown  In  illustration  #2.   Terminal  strips  ars  usad 
to  eonnact  wiraa  going  to  j*ne  unit  and  to  parallal  slectrlcal  circuits 
whan  ona  sourca  of  powar  is  usad  for  more  than  ona  circuit.    Tha  symbol 
for  a  terminal  block  (etzip)  is  shown  in  illustration  2,    Terminal  block 
(strips)  ara  usually  locatad  in  an  anclosad  distribution  box  callad  a 
Junction  Box* 


TMAMNAl  STUD 
TKSNNAl  ANO 


JAM  NUT 


WSUMAl  MOCX — '  ^— KAI  WASMft 

Illustration  #1 


© 

® 
0 
0 

TliTKlNAL  •LOCK 


PARTIAL  TIUMliat 
•LOCH  WITH  TERMINAL 
POSTS  tUSSCO 
TOMTMfH 


ILLUSTRATION  #2 


Place  tha  lattar  T  baslda  aach  of  tha  following  true  statements. 

 1. 


2. 


3. 


Tarsinal  blocks  (strips)  ara  usad  where  an  electrical  unit  oust  be 
removed  and  reinstalled  easily  and  quickly. 


Tha  terminal  posts 
together. 


%  terminal  strip  can  be  bussed  (connected) 


A  tarsinal  block  (atrip)  la  a  single  row  of  studs  mounted  in  a  terminal 
block  which  is  made  of  soma  insulating  material. 


Answers  to  Tram  2s    1.     F       2.     T       3.  T 
FrtM  4 

Tha  syabola  shown  la  the  illuetration  below  are  uaad  on  wiring 
dlagrama  to  indicate  tha  conductors.    The  aymbol  for  the  cable  assembly 
indicatee  the  wiree  that  art  bound  together  In  tha  same  wiring  harneaa 
or  bundle.    Som  bundlaa  may  ba  aa  thick  aa  a  man's  an  whila  othara 
may  ba  cade  up  of  only  two  cablaa.    Vlra  bundlaa  ara  uaad  throughout 
tha  aircraft  to  minimize  battla  damage  and  to  apaed  manufacturing  of 
tha  aircraft. 


Place  tha  letter  T  baaida  aach  of  tha  following  statements  that  ara  true. 

  1.    Aa  littla  aa  two  wiraa  can  ba  uaad  to  make  up  a  wire  bundle. 

2.    Two  conductors  can  ba  tviatad  together. 
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Anavara  to  ?raaa  4i  1* 

* 

feast  5 


2. 


Match  tba  jyabol*  in  coluan  B  with  tha  identifying  om  for  that  symbol 
in  coluaa 


Coluan  B 


Coluan  A 
_1.     Croat ing  patha  conductors 
J2.     Tvlatad  conductors 
JJ.     Tarainal  block 
4.     AH  connactor 


J5.     Cab  It  astaably 


B 


© 

© 

Li 


7 

-ERJC 
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Anawars  to  fraaa  5:  1. 
txamm  6 


3. 


4. 


A  cabla  splica  la  a  asans  of  Joining  two  piacas  of  cabla  togathar.  Tha 
■plica  can  ba  a  paraanant  or  quick  disconnect  typa.    Tha  soldar  splict  and 
tha  erlapad  splica  can  ba  uaad  to  rapair  a  brokan  wira.    Tha  illustration 
balow  shows  tha  diffarant  typas  of  splicas  and  tha  symbols  that  ara  usad  for 
thsau 


wMft  SMS*  mtaasatr  sstist 


SYMBOL 


*m?u  spuci  on 

QUICK  OftCONMfCT 


1- * 

pi  jamwt  Mcotn  co**fcrio* 


nc-nc  tuNowc 


HMAfttuT  amino  mucc 


1.      Draw  tha  •yabol  used  for  a  knifa  aplice. 

2*      Draw  the  symbol  used  for  a  permanent  splice. 


•  TMtOCS 


PCMlAfftNT  SMCt 

 QXl> 

OCNOTI S  WtlCt  MIA 


9 

ERIC 
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Aaswnra  ee  Prawn  •  :    1.  |  >  2. 


?ri 


.w  .  !  *f*  "?*   eo  *•»»•»•■*  th«  various  types  of  witch.*  and  ralsys 

that  control  tha  alsctrical  circuit  operation.    These  aysfcois  art  shown  in 
the  illustration  below.   Tha  relaye  are  shown  la  tha  de-energlsed  position. 
wa*°  »•  W«T  *•  ««*|laad,  tha  ameture  of  tha  relay  (haavy  black  lins 
connected  to  the  daehed  Una)  will  nova  down.    Tha  syabols  shown  for  tha 
relay  contacts  ara  uaad  on  sehenetlc  diagram  and  ars  being  usad  aare 
extensively.    These  syabols  aaka  It  aaaiar  for  you  to  follow  tha  path  of 
currant  flow  through  en  alactrical  circuit. 
Mots:    8aa  instructor  for  display  9. 


SWITCH!  S 


0       u       w    wiwt  |a^|tf       '".!•___  ~    *"      «•-••  I        manias        A  to.**' 


0  0  ~  "a"         B*  V  V  ^ 


*£UY3 

.1 


.....  Mm(  tmww 

awM  wtu  tmi  TKntw  ****  Tjjtw  ^  ^  ^ 


Mt  dR  *MaiT«4 


0»t*  CLMft 


Mttch  a  lattar  frc«  tha  illuatration  abeva  to  aach  of  tha  atataoanta  balov. 

 A  «witch  that  can  be  uaad  to  turn  ona  circuit  on  or  off. 

 2.     A  avitch  raquiring  ona  aourca  of  povar  capabla  of  turning  aithar 

ona  of  two  alactrical  circuit a  on  and  off, 

— ,  3»     A  ralay  that  can  control  two  alactrical  circuita. 

**     A  nonaally  opan  ralay  contact* 

—     **     A  ^tch  that  can  control  tan  alactrical  circuita. 


9 
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Aamn  to  framm  7:  1.  B  2.  5  3.  I  *• 
frame  8 


Place  the  latter  of  the  symbol  from  column  B  beside  the  correct  mat 
that  lymbol  in  column  4, 

Column  A  ,  Column  B 

1,     Splice  arte 

 2.      Rotary  witch  4rj  *•  -o 


J,      Single  pole  double  throw  relay 
_4,      Knife  splice  or  quick  disconnect 
5.     Single  pole  single  throw  relay 


fh"- 


a— 


o°fo 

B      o    O  O 


6.  Single  pole  single  throw  switch  o  O 

#  0  0 

7.  Single  pole  double*  throw  switch 

_8.     Double  pole  double  thtow  switch 
9.     Permanent  splice  r 


Al-O 
At  -O 

►A|  -O 


— 


t 

•  o 
o 


H  *> 

o 


0  o 
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inimri  to  Pr; 

6.  C 


7.  "H 


8:    1.  _J 
8.  F 


2.      B       3.  _D. 

9.  <T 


4. 


5. 


The  illustration  below  show  ion  of  tat  other  symbols  you  will  wet 
lis  ycu  look  st  s  wiring  diagram.    Bscoaing  familiar  with  thsse  symbols 
will  hslp  you  rtad  s  wiring  diagram. 

Hots:    Ss«  instructor  for  display  10. 


RESISTIVE  <^XiC£3 


TOM 


— VW-  acitSTOH  mis 

(tMTIIHlM.) 


CIRCUIT 
SAFETY  DEVICES 


A 


CIRCUIT  MCAK  (  A 


rust 


Circuit  Elements 
Resistive  devices 


VARIABLE 
RESISTIVF  0EVICE3 


POTCNTICMCTIR 
tir  CMttAL) 
(VMUKII 


sCNton 

(INT  t  ft  MA  L) 
(VAftlAtll) 


ACTUATOR 
MOTOR 

(IMTf  NNAL) 


•  VW 


4 


MHI0STA7 
ttttf  IHttAU 
<VA*IAiLC) 


GROUND  SYMBOL 


\ 


Uc  \ag  ths  illustration  abovs,  draw  ths  symbols  that  represent  each  of 
the  following  units.  ' 

1.  Internal  view  of  a  fi*»d  resistor. 

2«  ?ush-pull  type  circuit  breaker. 

3.  Ground  symbol. 

4.  Internal  view  of  a  potentiometer. 

5.  Fuse. 

6*  Internal  view  of  a  rheostat, 

7.  View  of  a  sensor. 


Answers  to  Frta*  9: 


6. 


Pro*  10 


•—AAA/ 

t 


Illustrated  below  Is  an  exacple  of  how  wires  are  Biased.  If  a  wire  is 
to  carry  a  large  amount  of  current  it  must  be  a  large  wire.  These  are  not 
drawn  to  scale  but  simply  represent  the  difference  in  sixes  and  th*  manner 
in  which  tney  are  numbered  or  1 ; '*ed."  j 

Note:    See  instructor  for  display  8. 


SIZE  #22 
20 

14 
12 

8 


It  is  impossible  to  cover  every  symbol  that  you  will  find  on  aircraft 
wiring  diagrams.    Each  aircraft  has  a  technical  manual  which  is  refetred  to 
as  a  wiring  diagram  handbook  which  contains  the  symbols  that  will  be  used  o 
the  aircraft's  wiring  diagrams.    It  is  a  good  idea  tc  review  these  symbols 
so  that  reading  the  diagram  will  have  meaning  to  you. 

Pla^e  the  letter  T  beside* each  of  the  following  statements  that  are  true. 


1. 


2. 


The  symbols  used  on  an  aircraft  wiring  diagram  can' be  found  in 
the  wiring  diagram  handbook  for  that  particular  aircraft . 

A  wiring  diagram  will  have  meaning  if  you  can  interpret  the 
symbols  that  are  used* 
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Aamn  to  Frame  114    I.       G        2.       D        3.        ft       4.      *         5#  F 


6.   7.       S         8.   L     9.       C         io#   K      u#  B 


Frame  12 

To  aid  installation  and  troubleshooting  of  wiring,  each  wire,  except 
shielded  wire  or  high- temperature  wire,  la  identified  by  a  latter-number 
combination,  as  shown  In  the  Uluatration  below,  stamped  at  about  15  inch 
Intervals  along  the  entire  length  of  the  wire.    The  wire  is  alao  Identified 
within  three  inches  of  a  junction  or  terminal  point.    The  wire  identification 
code  contains  a  unit  number  (when  applicable),  a  circuit  function  letter,  a 
wire  number,  a  wire  segment  letter,  a  wire  size  number,  and  In  some  caaea.  a 
phase  letter  and  a  ground,  kit.  or  test  letter.    In  any  caae.  it  la  best  to 
check  each  technical  order  wiring  diagram  you  use  to  see  exactly  how  the  wire 
la  coded  on  the  aircraft  you  are  maintaining. 


CmCUlT  FUNCTION 


wing  KM** 


MJUBE-SZE. 


jUflUHQ. 


2    H  215  A   20  N 


Place  the  letter  T  beside  each  of  the  following  statements  that  are  true. 

 1.      A  wire  number  consisting  of  a  combination  of  letters  and  numbers 

is  used  to  identify  <tires. 

2.      T*  \  wire  number  should  be  stamped  at  about  15  inch  intervals  along 
the  entire  length  of  the  wire. 

 3.      The  wire  number  is  also  stamped  on  shielded  or  high-temperature  wire. 

4»      The  wire  number  will  aid  in  the  installation-and  troubleshooting 
of  a  wire. 


14 
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Acivin  to  Frame  10:  1. 


2. 


Frame  11 

Place  the  lattt**  ol  tha  symbol  from  column  B  beside  the  correct  name 
for  that  symbol  in  column  A. 


_ 1. 
_ 2. 

_3. 

_5. 
_6. 

_  7. 
-  8. 
_  9. 

10. 

11* 


Column  A 

Actuator  motor 

Push  pull  circuit  breaker 
and  but  bar 

Single  pole  double  throw  relay 


A 
B 


Potentiometer  (variable  resistor)  Q 
Fuse  and  fuse  holder 
Crossed  path  conductors 
Ground 

Rotary  switch 
Variable  re*isto>r  (sensor) 
Single  pole  double  throw  switch 
Fixed  resistor  G 


D 
E 
F 


Column  B 


± 


H 


I 


o 
o 
o 


7 


o  o 


o 
o 
o 


K 
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13 
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Answers  to  Frame  12:  l. 


2. 


3. 


Frame  13 


The  unit  number,  ahown  In  the  illustration  below,  is  used  to  designate 
the  circuit  where  there  ere  two  or  sore  identical  circuits  on  the  aircraft. 
An  example  of  this  would  be  the  engine  anti-icing  circuits  found  ou  e  aulti- 
englne  aircraft  such  as  the  C-130.    The  engine  anti-icing  systems  are  identical 
in  construction  so  to  tell  the  difference  in  the  circuits,  the  circuit  for 
engine  one  would  have  the  unit  nuaber      the  circuit  for  engine  two  would 
have  the  unit  nuaber  2  and  so  on. 


3= 


200 


20 


unit  Bam 


1 


Place  the  letter  T  Seside  each  of  the  following  statements  that  are  true, 

1*      The  unit  number  is  used  to  identify  the  circuit  when  there  are 
two  or  more  identical  circuits  on  the  aircraft. 

 2.      The  unit  number  1  will  be  found  stamped  on  the  wires  of  the 


anti-icing  system  in  engine  number  3- 
3.      Identical/aircraft  electrical  circuits  carry  the  same    ^it  number, 
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Aruvtrs  to  Fraa*  13:    X.     -T      2.   £_   3.  ? 

Fraae  14 

The  circuit  function  letter »  thorn  below >  1*  used  to  identify  the 
aejor  iyitii  the  wire  1j  in.    The  circuit  function  letter  (H)  is  uaed 
to  identify  a  circuit  in  the  major  eye tea  of  heating,  ventilation,  and 
da-icing 


UWiY  Nunacw   

cmcuiT  ruHCTioM  letter 


Coaplete  tha  following  statements. 

1.  In  tha  wire  nuabtr  M8D20  tha  circuit  function  lattar  or  major 
system  la  indicatad  by  tha  lattar  . 

2.  Tha  circuit  function  lattar  in  wire  nuaber  H3SB20  is  Indicatad 
by  tha  lattar  . « 

3.  In  tha  vira  number  2Q384C22  tha  unit  nuaber  ia  tha  nuabar   

4.  Tha  aajor  systaa  in  wlra  nuabar  H188B18N  la  idantifiad  by  the 
lattar  . 
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Answers  to  Frist  14:    1.      M       2.      H       3.      2       4.  H 


Fran*  15 


In  the  blank  spaces  (A  and  B)  below  writa  the  identifying  names 
for  the  first  number  and  latter  of  the  wire  number. 


5 


3       H     200     A      20  N 


2 
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Answers  to  Frame  15:    A.    Unit  numb  ex 


B.    Major  Systems  or  Circuit  Function 
Letter 


Prase  16 


The  following  chart  shows  the  circuits  or  systems  identified  by  earh 
circuit  function  letter  end  special  circuit  function  letter.    A  chart  similar 
to  this  will  be  found  in  the  technical  manual  of  electrical  systems  covering 
the  aircraft  you  are  working  on. 


CIRCUIT  FUNCTION 
CODE  LITTER 

A 
S 

c 

D 
E 

r 

G 
X 

J 
K 
L 
M 
P 
Q 
R 

3 

T 
Y 


GENERAL  DESCRIPTION 
OF  CIRCUITS 

Armament 
Photographic 
Control  surfacea 
Instrument  (other  than 

flight  or  tnflnt) 
Engine  instrument 
Flight  Instrument 
Landing  fear 
Heating,  vtntilatin|,  and 

de-ieiag 
Ignition 
Engine  control 


o 


MisceUaneoue 
D-C  power 
rutl  and  oil 
Radio  (navigation  and 

comimmtcation) 
Radar 

Special  electronic  circuiU 
D-C  power  end  d*c  control 
cablta  for.  »-e  ayatt m 
Warning  and  tmtrgtncy 
(other  than  thoat  liattd 
under  specific  functions) 
A'  C  powtr 

Alumel  (thermocouple 

coding} 
Chromtl  (thtrmocouplt 
coding) 

Coda  lrtttra  R,  S,  T,  and  X  indicate  functions 
to  which  additional  coding  must  be  Added  to  identify 
epeciflc  function*.  Thin  identification  in  accomplished 
by  adding  a  aetond  letter  aa  indicated  In  the  following: 

RADIO  (NAVOTION  AND 
COMMUNICATION). 


X 
AL 

CR 


CIRCUIT  FUNCTION 
CODE  LETTER 

RA 
RC 
RF 


GENERAL  DESCRIPTION 
OF  CIRCUITS 


instrument 
Command 
VMF  liaiaon 


CERCUIT  FUNCTION 
CODE  LETTER 

RH 
RL 
RM 
RN 
RS 
RU 
RV 
RX 
RZ 

RADAR. 

SA 

SO 
SN 

ss 

sx 


GENERAL  DESCRIPTION 
OF  CIRCUITS 

Homing 
Ualaon 
Market  beacon 
Navigation 
SHF  command 
UHF  command 
VHF  command 
Recorder 

Interphone  and  headphone 


Altimeter 

Fire  control  syste-n 

Navigation 

Search 

Recognition  (IFF) 


SPECIAL  ELECTRONIC . 


TA 
TB 
TC 
TF 
TG 
TM 
TN 
YQ 

TR 
TS 
TT 
TX 
TY 
TZ 

A-C  POWER. 

XA 
XB 
XC 
XN 
XP 

XV 


Adaptera 
Radar  control 
Radio  control 
Reoeat  back 
GW  homing 
Chaff  diepenaer 
Navigation 
Tranamittern  and 

receivera 
Receivera 

Antlaubmarine  (ASW) 
Tranamittera 
Televiaion  tranamittera 
Televtaion  receivera 
Bombing  devicea 


Phase  A 
Phaae  B 
Phaae  C 

Neutral  or  around 
Inverter  or  alternator 

(d-c  power  or  control) 
Inverter  or  alternate 
(alngle-phaee  a-c 
power  or  control) 


Uaing  Chn  chart  above,  place  it*  circuit  function  code  letter  in  the  blsnk 
apace  beside  the  general  description  of  the  circuit. 


1. 

2. 
3. 


Miscellaneous 

Warning  and  emergency 

Heating»  ventilating  and  de-icing 

Phase  A  of  AC  power 

18 


.5. 
_6. 

7. 


8. 


Phase  C  of  AC  power 
AC  power  neutral 
or  ground 

DC  power 

AC  power 


4(H) 


Anawera  to  Frame  16  s    1.  M 

3.       XC        6.       XN  7. 


2. 


3. 


4. 


XA 


8. 


Franc  17 

Tha  illustration  balow  showa  tha  naxt  3  portiona  of  tha  wire  number. 
Tha  wira  number  la  uaad  to  tall  tha  diffaranca  batvaan  wires  in  a  particular 
circuit.    A  different  nuabar  ia  usew  for  wiraa  not  having  tha  aaaa  junction 
or  taralnal.    Tha  wira  segment  letter  la  uaad  to  tall  tha  diffaranca  batvaan 
wira  aactiona  In  a  particular  circuit.    Tha  wira  segment  coda  letter  changas 
each  tlaa  tha  wira  ia  brokan  at  a  plug  or  taralnal  atrip.    Tha  wira  gaga 
(wira  size)  nuabar  idantifiaa  tha  AN  or  AL  aisa  of  tha  wira. 


3      H      200     A      20  N 


*  WIRE  NUMBER  

WIRE  SEGMENT  LETTER 
WIRE  GAGE  NUMBER  (SIZE! 


Placa  the  lattar  T  baaida  each  of  the  following  statements  that  are  true. 

 J-      Th*  wir«  number  will  remain  the  same  for  a  complete  wire  run 

that  Interconnects  equipment. 

 2.      The  wire  number  is  used  to  tell  the  difference  between  wires  in 

a  particular  circuit. 

 _3.      The  wire  segment  letter  remains  the  same  for  a  complete  wire 

run. 

 4'      If  pressure  bulkhead  connector  plugs  are  used  on  a  complete  wire 

run,  the  wire  number  will  remain  the  same,  but  the  wire  segment 
letter  will  change  each  time  a  connector  plug  breaks  the  wire. 

 5.      The  size  of  wire  used  in  the  circuit  is  identified  by  the  wire 

gaga  number. 
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Answers  to  Frame  17:  1. 


2. 


3. 


Fr 


18 


The  ground  letter  it  used  at  the  end  of  the  wire  identification  code,  as 
shown  in  the  illustration  below,  to  identify  any  wire  that  conletea  the 
circuits  to  ground.    The  ground  letter  (N)  can  be  replaced  witn  a  kit  letter 
(M)  or  a  test  letter  (T) .    The  kit  letter  (M)  is  used  when  the  wire  segment 
or  circuit  has  been  modified  by  a  Modification  kit.    The  test  letter  (T)  is 
uaed  when  the  wire  segment  or  circuit  has  been  modified  or  added  for  testing 
purposes • 


3: 


200 


20  N 


2 


 I 

OWOUNO  WIRE  SYMBOL   . 


Place  the  letter  T  alongside  each  of  the  following  statements  that  are  true. 

1,  The  ground  wire  symbol  (N)  is  used  at  the  end  of  the  wire  identifi- 
cation code  to  indicate  a  wire  connected  to  ground. 

2.  If  a  wire  segment  or  circuit  has  been  modified  or  added  for  testing 
purposes,  the  letter  T  is  added  at  the  end  of  the  wire  identification 
code. 

 3.      The  kit  letter  will  be  added  to  the  end  of  the  wire  identification 

code  when  the  wire  segment  or  circuit  has  been  modified  by  a 
modification  kit. 

4.      The  ground  wire  letter,  kit  letter,  and  test  letter  will  be  found 
et  the  beginning  of  each  wire  identification  code. 


20 
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Answers  to  Txtmm  18:  1. 


2. 


3. 


4. 


Fraat  19 

la  ths  blank  ipteu  provided  In  ths  illustration  bslow  writs  in  ths 
Identifying  names  for  ths  last  four  nus&ers  and  lsttsrs  of  ths  wirs 
identification  cods. 


A 
8 

C 
0 
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Anowere  to  Tram  19:    k.  wire  nunber      B.  wire  eegnont  letter 
C.  Wire  geto  nunbT  (»!»•)     D.  Ground  wire  eynbol 
Frene  20 

Match  the  lettere  fron  the  illustration  below  to  the  Identifying 
nanes  for  each  letter  end  nunber  In  the  wire  ldentlflcetlon  code. 

  1.  Wire  nunber 

  2.  Ground  wire  eymbol 

  3.  Unit  nunber 

  4.  Wire  size 

_______  5.  Circuit  function 

  6.  Wire  segment 


3        M      200     A       20  N 


A 
B 

C 
D 

E 

F 
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Answers  eo  Frame  20:    l.JI_    2.  _F_    3.  ji_     4.  _B_     5.  _B_     6.  D 

Frame  21 

Use  the  wiring  diagram  shown  beloc  to  complete  the  following  statements. 


4-1*4 


AVrtUTT  AIM 

e*cu4f  •maim 

'Mil 


<Ea>> 


«M»  Q 


asm 


JIT 

MMCL 


I 


"ir  EB>ttf3Z3 


flttO  AM  PMMUftff 


3t-L4tT 


1.      The  wire  that  connects  to  pin  C  of  the  ra^n  removal  valv*  is  numbered 


2. 
3. 
4. 
5. 


Th*  symbol  for  the  rain  removal  circuit  breaker  indicates  it  is  a 
  type,    (push  pull,  switch) 

The  splice  symbol  between  wires  M8A20,  M8B20,  and  M8D20  indicates  the 
splice  is   (temporary,  permanent). 

The  symbol  for  ttfie  rain  removal  switch  identifies  it  as  a   

(siugle  pole-eingU  throw,  a  single  pole-double  throw). 

In  the  wire  number  M9A20N: 

a.      The  9  indicates  the 


b.  The  N  indicates  the  wire  is  a 

c.  The  M  indicates  the   


m.  (Size  of  wire,  wire  number) 
  Ipower  or  ground  wirej. 


(circuit  function,  major 
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Antvtrt  to  fxmm  21s  1*  M16A20  Z.  Pn«h-puU  3.  p^tnt 
4,    aintU  gglt  dgubU  throw       3a*    a  vtr«  nuabar       5b.  ground 

5c.    circuit  function 


/ 
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FOREWORD 

This  programmed  text  was  prepared  for  use  in  the  3ABR42331 
instructional  system.    The  material  contained  herein  has  been  vali- 
dated using  30  students  enrolled  in  the  3ABR42331  course.  Eighty 
percent  of  the  students  taking  this  text  surpassed  the  criterion 
called  for  in  the  approved  lesson  objective.    The  average  student 
required  2U1  hours  to  complete  the  texc. 

OBJECTIVES 

1.  Select  the  control  and  protective  devices  used  in  electrical 
circuits  with  a  minimum  accuracy  of  3QZ. 

2.  Select  the  basic  symbols  and  terms  used  in  electrical 
circuits  with  a  minimum  of  80%  accuracy. 

INSTRUCTION 

Read  each  frame  carefully,  beginning  with  the  first  frame. 
Answer  the  questions  at  ':he  end  of  each  frame  according  to  the  instruc- 
tions provided  in  each  frame.    Check  your  answers  by  comparing  your 
response  with  the  correct  answers  which  are  found  on  top  of  the 
following  page*    If  you  made  an  error,  determine  the  cause  of  your 
error,  and  correct  it  oefore  going  on  to  the  next  frame .    When  you 
complete  this  lesson,  contact  your  instructor  for  further  instructions. 
Do  not  mark  in  this  text.    Write  your  answers  on  the  response  sheet. 


* 
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Frame  1 

Control  and  protective  devices  are  very  Important  parts  in  an 
electrical  circuit.    Control  devices  are  used  to  control  the  oaths 
for  the  flow  of  current.    Protective  devices  are  used  to  protect 
units  and  wiring  in  the  event  the  load  is  too  large.    These  types 
of  devices  are  used  in  your  houses  as  well  as  in  aircraft.  These 
devices  are  identified  by  symbols  in  schematic  diagrams  since  it 
would  be  difficult  to  draw  in  a  picture  of  each  device.    It  is  very 
important  that  you  learn  all  about  them  and  associate  these  devices 
by  name,  symbol,  and  their  purpose  in  a  circuit.    Let  is  see  what 
you  already  know  about  control  and  protective  devices. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  a-swer  for  each  of  the  following  question*  on 
the  response  sheet. 

 !<      An  example  of  a  protective  device  is  a 

a.  swi^h. 

b.  fuse. 

 2.      A  fuse  is  used  for  the  same  purpose  as  a 


a.  switch. 

b.  circuit  breaker. 

_3.      If  a  fuse  is  wrapped  with  tin  foil,  it  will  provide 
protection  fcr  the  circuit. 

a.  Trua 

b.  False 

_4.      Switches  are  used 

*<      to  control  circuits, 
b.      as  protective  devices, 

J>.      Circuit  breakers  are  used 

a.  to  control  circuits. 

b.  aa  protective  devices. 
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Answers  to  Frame  L:       b    1.       b    2 .       b    3.       a    4.       b  5. 
Frame  2 

If  you  ha/e  answered  all  of  the  questions    orrectly  In  frame  1, 
this  shows  that  you  do  know  a  little  about  control  and  protective 
services.    But,  let  us  take  a  more  detailed  look  at  these  units.  We 
will  start  with  the  control  devices.    Control  devices  are  known  as 
switches.    Although  there  are  hundreds  of  types  of  switches,  all  of 
them  can  be  grouped  in  one  of  four  types.    The  four  types  of  witches 
are  manual,  mechanical,  magnetic  operating  types  and  electronic 
devices.    We  will  study  the  first  three  in  this  text.    The  fourth, 
an  electronic  device,  will  be  studied  later. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 I.      A  magnetic  switch  is  a  circuit  control  device. 

 2,      Fuses  are  used  to  control  a  circuit. 


3.      There  are  hundreds  of  classes  of  control  devices. 


4.      Control  devices  are  used  to  control  paths  for  current  to 
flow. 


Answers  to  Frame  2: 


T  1. 


2. 


3. 


T  4. 


Frame  3 

Let  us  atudy  the  manual  switches  iirst.    A  sample  of  a  SPST 
witch  can  be  found  in  display  botrd  number  nine  in  your  classroom. 
The  most  common  type  of  manual  switch  is  known  as  the  toggle  switch. 
This  switch  has  a  toggle  which  you  must  operate  manually  to  open  or 
close  the  switch  internal  electrical  path.    When  we  say  manually, 
it  means  you  must  physically  move  the  toggle.    Let  us  take  a  look 
at  a  simple  toggle  switch.    If  v*  isarn  the  principles  of  this 
switch,  th<-  can  be  used  for  all  toggle  switches,  shown  here. 


MOVABLE  CONTACTOR 
{01  POl*J 


TERMINALS 


All  toggle  switches  have  poles.    A  pole  is  the  movable  contactor. 
Since  the  switch  above  has  onJy  one  movable  contactor,  it  is  known 
as  a  single  pole  (SP)  swituu.    When  the  toggle  is  moved  to  the  other 
position,  it  pushes  the  pole  down  to  make  contact  with  the  terminal 
cm  the  right,  completing  the  circuit  to  both  frminax*. 

TjQ  NOT  MARK  IN  THIS  ,£T 

Mark  the  -orrect  answer  for  each  of  the  following  questions  on  the 
response  sheet. 

_  3,      Wfceo  the  toggle  is  moved  to  the  ON  position  the  poles  which 

afre  incernal  contacts  are 


a. 

b. 


close, 
open. 


_2.      Poles  are  also  known  as 


a. 


positions, 
movable  contactors 


,3*      The  switch  above  ts  shown  in  the 


a. 

b  « 


closed  position, 
open  position. 
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Anstyrs  to  Frane  3: 
Frame  4 


a  1. 


b  2. 


Switches  also  have  novea4nt5  called  throws.    This  means  the  number 
of  "ON"  positions  the  switch  has,  which  means  t\n  number  of  paths  where 
current  can  flow.    In  the  switch  below  there  is  )nly  one  ON  position  or 
one  path  for*  cur^nt  to  flow.    Therefore,  this  p%  !cnown  as  a  single 
throw  (ST)  switch.    Notice  the  symbol  bslow  onfthe  right.    This  is  the 
way  we  show,  on  a  schematic  diagram,  that  the  £rj$.rJt\  is  closed. 


\ 


SYM8QI  J 

Notice  that  there  is  now  a  complete  path  for  current  flow  through  the 
witch.    This  path  is  shown  by  a  series  of  arrows  in  the  above  switch, 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statement  with  a  "T"  oil  the  response 
sheet • 

 1-      The  switch  above  is  known  as  a  SPST  toggle  switch. 


The  number  of  throws  a  switch  hka  is  equal  to  the  number  of 
terminals  on  the  bottom  of  the  switch.  / 

The  switch  above  is  shown  in  the  CLOSED  or  ON  position. 
SPST  stands  for  simple  polarized  switch  terminals. 


1 


* 

r 
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Answera  to  Frame  4:       T    1.   2.       T    3.       /  4. 

\y     ^        Frame  5 

To  make  a  complete  identification  of  a  toggle  twitch,  thara  is 
one  mora  thing  you  ahould  know.    That  ia  the  number  of  positions  it 
has.    The  switch  shown  in  frames  3  and  4  has  only  two  positions;  they 
are,  one  ^N"  position,  and  the  other  is  the  "OFF"  position. 

DO  NOT  MARK  IN  THIS  TEXT 

Choose  one  of  the  answers  provided  and  write  its  letter  on  the 
response  sheet. 

1.  The  switch  you  have  learned  about  so  far  can  be  completely 
identified  by  calling  it  a 

a.  SPST  2-positicm  knife  switch. 

b.  SPDT  2-position  toggle  switch, 
c-  SPST  2-poaition  toggle  switch, 
d.  SPST  3-position  toggle  switch. 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet,    The  blank  may  require  more  than  one  number. 

2.  SPST  toggle  switches  are  identified  by  what  number (s)  in 
frame  35? 


7 


0 

JC 
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'Answers  to  Frame  5:    1.    c     2,  1,3,6| 
Frame  6 

Now  letui  look  at  another  manual  switch.    Apply  the  Srime  things 
you  have  already  learned,  and  see  if  you  can  figure  out  how  it  works 
in  a  circuit  )Be  sure  and  look  at  the  symbol  which  represents  this 
•witch.    See  display  #9  in  your  classroom. 


IOTTOM  VIEW 


ON    OFF  ON 


SYMBOL 


DO  N01  MARK  IN  THIS  TEXT 


sheet . 

The 

L  • 

The 

3. 

The 

4, 

The 

5. 

The 

not 

Choose  one  of  the  answers  provided  and  write  its  letter  on  the 
response  sheet. 

6.  The  switch  above  could  be  identified  completely  by  saying 
it  is  a 

a.  DPDT,  3-position  toggle  switch. 

b.  SPDT,  3-position  toggle  switch. 

c.  DPDT,  2-position  toggle  switch. 

d.  SPST,  3-position  toggle  switch. 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 

7.  SPDT  3~position  toggle  switches  are  identified  by  what 
number(s)  in  frame  35? 


17! 

8 


Answers  to  Frame  6:   1.       T    2.       T    3,   4.       T  5, 

6.    b       7.    9  ft  11 


Frame  7 

There  are  other  awi tehee  which  act  almost  like  a  normal  SPST,  SPUT, 
etc,  but  are  called  momentary  throve.    This  means  that  one  or  more  of 
the  throve  is  spring  loaded  to  the  OFF  position. 

DO  HOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

1.      When  the  switch  is  placed  to  one  of  the  ON  positions  and 
released,  it  springs  baisk  to,  the  OFF  position. 

v  J 

The  symbols  below  indicatVthat  there  are  momentary  thows  in  only 
the  direction  of  the  triangle. 


175 
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Answers  to  Frame  7: 
Frame  8 


T  1. 


Since  you  ere  not  able  to  look  inside  a  switch  to  figure  out  how 
many  poles  it  has  In  it,  there  la  a  way  you  can  find  out.    Place  a 
toggle  switch  in  any  of  the  ON  positions*    Nov  draw  an  arrow  through 
the  center  of  the  toggle,  and  count  the  number  of  terminals  it  points 
to.    Look  at  the  Illustration  shown. 


Off 


^iiyie  the  arrow  points  to  only  one  terminal,  this  is  a  SP  switch.  If 
ftfere  were  two  terminals  in  a  row,  it  would  be  a  DP  switch,  etc*  Some- 
times the  3witch  positions  are  marked  cn  the  switch  case.    The  marks 
show  the  position  of  the  toggle.    We  can  tell  which  terminal  will 
match  one  or  the  other  of  either  of  the  positions  by  using  the  same 
arrow  as  above.    Look  and  see  that  the  switch  is  In  the  ON  position. 
The  arrow  points  to  the  ON  terminal. 

DO  HOT  MARX  IN  THIS  T^XT 

Mark  the  correct  answer  for  each  of  the  tollowing  questions  on  the 
response  sheet. 

 1.      The  ON  terminal  at  the  bottom  of  the  switch  above  is  on  the 


2. 


a.  opposite  side  of  the  ON  position  of  the  toggle. 

b.  same  side  of  the  ON  position  of  the  toggle 

If  the  switch  Is  In  the  ON  position,  and  it  points  to  ?  row 
of  three  terminals,  we  have  a 

a.  double  pole  (DP)  switch. 

b.  triple  pole  (TP)  switch. 


47« 
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Answers  to  Fraaa  3:       a    1.       b  2. 

Frame  9 

Now  let  us  look  at  some  toggle  switches  and  see  if  you  can  identify 

them. 


E 

ID 

INDICATES  TWO  *OlfS 


INDICATES  TWO  POlES 


lOnoM  view 


SYMftOl 


iOTTOM  VIEW 


SYMlOl 


The  dashed  lines  between  the  poles  on  the  symbols  mean  that  the  two 
poles  are  mechanically  linked  together.    If  you  move  the  toggle  to  the  ON 
position,  both  poles  go  to  the  ON  position.    Notice  the  ON  and  OFF 
positions  are  narked  on  the  switch  case,  and  arrow  through  the  center 
of  the  toggle  points  to  the  terminals  which  match  up  "ith  the  toggle 
ON  position.    Study  the  DPDT  in  display  #9  in  your  classroom. 


DO  NOT  MASK  W  ' :« 


Mark 
sheet. 

the 

following 

1. 

The 

switch  in 

2. 

The 

toggle  in 

3. 

The 

switch  in 

 k. 

The 

switch  In 

5. 

The  switch  In 
total  number  c 

6. 

The 

switch  in 
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It  warn  9  (continued) 

Use  fraae  35  Co  answer  the  following  question  on  the  response 
shMt.    The  blank  amy  require  more  then  one  number, 

 J*     DPST  toggle  witches  are  identified  by  what  number (s)  in 

framo  35? 

8>      DPDT  toggle  switches  ara  identified  by  what  nuicber(s)  in 
frame  35? 

t 


478 
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An  wars  to  Fran*  9:       T    1,       T    2.   3.   4.   5. 

T    6.    2,10  7,      1?    8,  * 

Frame  10 

We  have  talked  about  symbols  a  number  of  times  in  the  past  frames. 
Let  ua  see  what  you  have  learned  about  them.    All  of  the  items  listed 
below  are  toggle  switches. 

DO  NOT  MARK  IN  THIS  TEXT 

Match  the  switches  to  their  symbols.    Write  the  letter  rapresenting 
the  synbol  ia  the  proper  blank  on  the  response  sheet. 


1. 

SPDT, 

2-position 

2. 

DPST, 

2-position. 

_3. 

SPST, 

2-position. 

4. 

SPST, 

2-position, 

spring  loaded  to  OFF, 

5. 

SPDT, 

3-position, 

1  position  spring  loaded  to  OFF. 

6. 

TPDT, 

2-position. 

7. 

TPDT, 

3-position. 

8. 

4PDT, 

3-position. 

A 

B. 

C.  D. 

<*         ^  ~M  *C. 


cr;  o         or  A  o-r-2  cr?  o 

on  o 


°4o  <ri 0 

! 

°To* 

1  o 


o 

£  F.  G.  H. 


O 


o 


o 
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Answers  to  Frame  10:       hi.       d    2.        f    3.       b    4.       e  5. 


a    6 .       g    7  ♦       c    8 . 

Frame  11 

Using  the  list  of  switches  below,  locate  the  switches  in  frame  35 
and  tater  the  switch  number  in  the  blanks  provided  on  the  response 
sheet.    AKain  we  are  talking  about  toggle  switches  only.    It  is  possible 
that  more  then  one  number  can  go  in  a  blank. 

DO  NOT  MARK  IN  THIS  TEXT 


a. 

SPDT, 

7  isition. 

b. 

4PDT, 

3-position, 

1  position  spring  loaded  to  OFF. 

c. 

DPST, 

2-position. 

d. 

SPST, 

2-position, 

spring  loaded  to  OFF. 

e. 

4PDT, 

3-position. 

f  • 

DPDT, 

3-position. 

*• 

SPDT, 

3-position, 

1  position  spring  loaded  to  OFF. 

> 

\ 


4  S() 
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Answers  to  Frame  11:      19    a,      17    b.    2,10  c.       3    d.      18  e. 


12    f .      11  g. 


Frame  12 


Another  type  of  manual  switch  is  the  rotary  selector  switch  as 
shown  below.    When  the  knob  of  the  switch  is  turned,  the  switch  opens 
one  circuit  and  closes  another.    Sometimes  there  are  a  number  of  wafers 
stacked,  one  on  top  of  the  other.    When  the  knob  is  in  any  one  position, 
it  will  complete  a  circuit  in  that  position  for  each  wafer.    This  type 
switch  is  used  as  the  function  switch  on  multimeters.    Study  the  rotary 
switch  stack  type  in  your  classroom  display  board  #9. 


•otaut 
contacts 


1  WAFER 
A 


7  WAfldS 


DO  NOT  MARK  IN  THIS  TEXT 


3  WAFERS 

c 


Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet* 


The  dashed  line  in  the  schematic  symbol,  figure  C,  means  that 
all  the  poles  are  mechanically  linked  together. 


The  schematic  symbol,  figure  C,  shows  that  the  switch  is  a 
triple-pole  (TP)  8-position  rotary  selector  switch. 


The  drawings  abo^ t  are  all  of  the  same  switch. 


Use  frame  35  to  answer  the  following  questions  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 


_4.      Rotary  selector  switches  are  identified  by  what  number(s) 
in  frame  35? 


is  4  SI 


Answers  to  Frame  12:       T    1,       T    2.   3*       7  4. 


Frame  13 

One  more  type  of  manual  switch  used  on  the  aircraft  is  shown  below. 
It  is  known  as  a  push     <tton  switch.    This  type  is  used  in  your  home 
to  ring  the  door  bell.    On  the  aircraft  it  can  be  useJ,  as  a  microphone 
button.    Wh«u  the  pilot  wants  to  talk  over  the  radio  he  simply  pushes 
the  microphone  button. 


DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 1.      To  complete  the  circuit,  the  button  is  pressed. 

 2.      When  the  button  is  released,  the  circuit  is  broken. 


 3.      This  would  be  a  good  switch  to  use  in  a  lighting  circuit. 

 4.      The  triangles  in  the  symbol  represent  momentary  contacts 

which  means  the  switch  is  spring  loaded  to  OFF* 

Use  frame  25  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 

 ~5.      Push  button  switches  are  identified  by  what  number (s)  in 

frame  35? 


16 


Answers  to  Frame  13:       T    1.       T  2. 

r 


3. 


14.      15  5, 


Frame  14 

Leal  switches  will  be  the  next  group  of  switches  that  we 
will  study.    The  word  mechanical  means  that  they  are  operated  by  some 
mechanical  device.    These  switches  are  shown  as  normally  open  (NO)  or 
normally  closed  (NC)  depending  on  the  position  to  which  they  are  spring 
loaded*    They  will  always  be  spring  loaded  to  one  of  these  positions, 
and  will  have  no  center  OFF  position.    This  kind  of  switch  is  called  a 
microswitch  or  limit  switch. 


movino 

CONTACT  ARM 


SPOT  MJCIOSWITCH 


NORMALLY 
OMN  TltMINAl ' 


The  operating  plunger  In  some  way  will  always  be  hooked  to  some 
kind  of  spring  as  shown  in  the  drawing  above.    When  some  kind  of 
mechanical  thing  pushes  the  plunger  down,  the  switch  will  change 
positions.    The  switch  can  be  wired  to  either  the  NO  or  NC  *    Each  of 
the  positions  can  complete  a  circuit,  or  only  one  set  of  contacts  may 
be  used.    It  all  depends  on  where  the  switch  Is  used. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  answer  for  e  :h  of  the  following  questions  on  the 
response  sheet. 

 1.      The  switch  shown  above  is  a 


a.  NC  microswitch. 

b.  NO  microswitch. 

2.      The  switch  shown  above  is  a 


a.  ,    two-position  switch* 

b.  tjuree-position  switch. 

_3,      In  the  above  switch  the  moving  contact  arm  could  be  called  the 


a. 
b. 


pole, 
position. 


17 
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V7S 

Answers  to  Frame  14:       a    1#       a    2.       a  3. 


Frame  15 

Let  us  see  how  two  switches  like  the  one  in  frame  14  can  be  used 
in  a  circuit.    One  of  the  switches  is  NO  and  the  other  is  NC.    In  the 
schematic,  the  throttle  micvoswitch  is  NO  and  the«gear  switch  is  NC. 
This  means  if  the  throttle  were  pulled  back  to  idle,  the  mechanical 
hook  up  would  press  the  plunger  in  the  switch  and  close  the  circuit. 
If  the  gear  is  down  and  locked,  the  plunger  would  be  pressed  to  open 
the  circuit.    With  the  condition  shown  the  warning  horn  would  sound, 
warning  the  pilot  that  his  gear  is  not  down  and  locked.    Normally,  the 
throttle  is  only  retarded  when  the  pilot  is  attempting  to  land. 

HOIN 


ADVANCE 


Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 

 1.      If  the  throttle  is  retarded  and  tfte  gear  is  down  and  locked, 

the  warning  horn  will  sound. 

 2.      When  the  gear  comes  down,  the  gear  switch  will  OPEN. 


18 
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Frame  15  (Continued) 

When  the  throttle  is  retarded,  the  throttle  microswitch  will 
OPEN. 

The  purpose  of  the  above  -circuit  is  to  warn  the  pilot  if  his 
gear  is  not  down  when  he  is  attempting  to  land. 


9 

5 


Answers  co  Frame  15:   1,       T    2.   3,       T  4. 

Frame  16 

The  symbols  for  microswitches  can  be  drawn  several  ways,  but  they 
are  all  *asy  to  identify  by  the  little  nump  drawn  over  the  pole.  Another 
symbol  for  a  microswitch  is  drawn  below. 


SYMIOI 

DO  NOT  MASK  IN  THIS  TEXT 

Use  frame  35  to  answer  the  following  question  on  tae  response 
sheet.    The  blank  may  require  more  than  one  number. 

 !♦      Mlcroswitches  are  identified  by  what  number(s)  in  frame  35? 

Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

 1*      Microswit<ihes  can  be  identified  as  SPDT,  2-position,  etc. 

 3«      The  switch  identified  by  the  symbol  above  would  be  a  SPDT, 

2-position  microswitch. 


20 


Answers  to  Frame  16:    4.  14  1.       T    2.       T  3. 


Frame  17 


Mechanical  switches  can  also  be  operated  by  other  means.  In 
hydraulic  or  pneumatic  systems,  we  need  something  to  tell  us  when  the 
pressure  is  toa  high  or  too  low.    Because  of  this,  we  have  a  need  fo*r 
pressure  switches.    The  symbol  for  a  pressure  switch  can  be  drawn  two 
ways.    Examples  are  shown  below. 


Both  of  the  symoois  above  represent  pressure  switches  which  would 
move  from  normally  CLOSED  to  momentary  ON  position  when  the  pressure 
builds  up  to  a  given  amount,    REMEMBER:    Whenever  you,  see  dashed 
lines  under  a  switch,  the  li-as  represent  only  mechanical  linkage 
(connection),  not  circuit  (electrical)  connections. 

do  not  Mark  in  this  -text 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number.* 

 !•      Pressure  switches  are  identified  T>y  what  number (s)  in 

frame  35? 


987 


Answer  to  Frame  17:      16  1, 
Frame  18 

Another  type  of  mechanical  switch  Is  operated  by  heat*    It  is  often 
used  when  time  delays  are  needed  In  the  clrcu?':.    It  takes  a  little  time 
for  the  switch  to  warm  up  ,and  then  close.    Several  symbols  for  the  heat 
or  thermal  switch  are  shown  below. 


When  the  element  (not  shown  in  the  symbols)  iak  heated,  the  metals 
expand  to  touch  the  contact,  completing  the  circuitV  Othe£  uses  for 
thermal  switches  are  as  warning  switches  and  temperature  sensing 
devices , 

DO  NOT  MARK  IN  THIS  TEXT 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number, 

 1,      Thermal  switches  are  identified  by  what  number (s)  in  frame  35? 


/ 


4h8 


s 
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/ 
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Answer  to  jrame  18:       5  i. 

Frame  19 

You  have  now  cover edlst  ofc  the  control  devices  in  frame  35.  Let 
^us  see  what  you  have  l^^ciii       \  t 

DO  NOT  MARK  IN  THIS  TEXT 

Match  the  switches  to  their  symbols,    Write  the  letter  representing 
the  synbol  in  the  proper  blank  on  the  response  sheet. 

 1.  SPST  pressure  switch.  ^ 

 2s.  SP  rotary  selector  switch. 

 3.  SPDT  microswitch. 

 4.  D?DT  toggle  switch. 

 5.  SPDT  push  button  switch. 

6«  DP  rotary  selector  switch. 

 7.  Thermal  switch. 


b. 

Q  I  p 


o  ° 


o  °  o  o    <J\  o 


°  o  ° 


;  o  w  o 

o  y 

o  o    a  < 


o 

o  o 
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Answers  to  Fra*e  19: 


1. 
"6. 


a 


b  5. 


90  -u    •  the  magnetic  type. 

Frame  2U  f  switches;  trie         .  ro  two 

These  switches  a^etter^  ^  cote. 

different  We«;  displays. 
classroom  for  rex  7 


Th.KT.layi.  a  Switch 
.  a  hv  an  Electromagnet. 
Operated  b>  an  ^ 

n  this  page  has  a  fixed  core.  J*^  ^  leCtro- 
TUe  relay  shown  on  th£ JPJ       ^       ture  and  pulls  it  down 

oplnfthe  contacts.  ^  ffl  ^  xEXT  que9tlon8  on 

«  for  each  of  the  following  . 

Mark  the  correct 
the  respond  sheet. 

1       The  relay  shown  is  a 


a. 
b. 


DPST  relay. 
SPST  relay- 


2. 


A  relay  is  actually  a 

/  switching  device. 
l\      aafety  device. 
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ERIC 


■:  ^  ■ 


/ 


Answers  to  Frame  20: 


b  1. 


a  2. 


Frame  21 


Relays  are  used  to  open  or  close  circuits  by  remote  control. 
Not*  that  tl.ere  are  two  distinct  circuits.    In  the  diagram  below, 
bcttfi  circuits  use  the  same  battery  power  soutce.    The  control  circuit 
consists  of  the  switch  and  the  relay  coil.    The  controlled  circuit 
consists  a f  the  relay  contacts  and  'he  bell  which  are  in  the  circuit 
with  the  heavy  dark  lines. 


CONTIOI  SWITCH 


IEIAT 


a 


The  relay  can  be  placed  in  the  circuit  close  to  the  unit  it 
controls.    This  eliminates  a -great  amount  of  heavy  wiring,  thereby 
reducing  aircraft  weight.    The  relay  is  then  controlled  by  smaller 
wires  which  can  be  operated  from  any  place  inside  the  aircraft. 

1  DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet . 


.1.    "The  circuit  which  causes  the  relay  to  operate  could  be 
called  the  control  circuit. 

.2.      The  relay  contacts  above  are  in  the  control  circuit. 

3.      The  schematic  above  shows  the  relay  coil  mechanically  linked 
to  tl>e  relay  armature.  ♦ 

^  \The  tell  circuit  could  be  called  the  load  circuit. 


.n 


,  ERIC 
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Answers  to  Frame  21:       T    1.   2.       T    3.       T  A. 


Frame  22 

So  far  we  have  avoided  saying  "-hat  *  relay  is  either  open  or 
closed.    The  reason  for  this  is  explained  it  the  following  sentences. 
Let  us  take  a  look  at  another  symbol  fur  a  relay  wired  in  a  simp^ 
circuit . 


4 


You  car  sea  that  the  relay  above  completes  a  circuit  in  either 
position.    So,  which  position  would  be  the  CLOSED  position?  The 
answer  is,  both  positions  are  CLOSED.    The  efo.e  it  is  far  better  to 
speak  of  a  relay  as  oeing  either  energized  or  deener sized.  Eaergized 
means  that  current  is  flowing  chrough  the  coil  pulling  the  contacts 
toward  che  coil,    kelays  are  always  drawn  deenergized  unless  otherwise 
stated. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 

sh3^t . 

 1.  The  relay  shown  is  a  SPST  relay. 

 2.  r.7hen  the  relay  is  deenergized,  the  lamp  #1  will  glow. 

 3.  Both  lamps  can  operate  at  the  sama  time. 


<i92 
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Answers  to  Frame  22:   1.       T    2.   3. 


Frame  23 

There  are  probably  just  as  many  types  of  relays  as  there  are  toggle 
switches.    Some  relays  require  large  amounts  of  current  to  flow  through 
the  contacts.    You  might  say  they  are  heavy  duty  relays.    Their  symbols 
are  drawn  as  in*the  diagram  on  this  page. 


»<IGH  CUtUNT  CASUS 


SMING 


The  coil  hook  ups  are  usually  labeled  XI  and  X2,  while  the  contacts 
are  labeled  Al  and  A29  Bl  and  B29  etc.    Notice  that  triangles  are  used 
to  show  memooentary  contacts  the  same  as  they  do  in  toggle  switches. 
These  type  of  relays  are  often  called  solenoid  relays  and  have  movable 
cores.    The  soft  iron  core  is  hooked  to  the  bar  or  bars  at  the  top.  When 
^current  flows  through  the  coil,  the  electromagnet  will  tend  to  center  the 
iron  core  into  the  hollow  center  of  the  coil. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet • 

 1»      Solenoid  relays  are  used  as  heavy  duty  relays. 

 2.      Solenoid  relays  have  fixed  cores. 

 3.     If  you  see  the  letters  X^  and  X2  on  the  terminals  of  a  relay, 

you  will  know  that  these  are  the  coil  connections. 

Use  frame  35  to  answer  the  following  question  on  the  response 
sheet.    The  blank  say  require  more  than  one  number. 

 *•     Relays  are  identified  by  what  number (s)  in  frame  ?5? 

\ 
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Answers  to  Frame  23:       T    1.   2.       T    3,      13  4. 

Frame  24 

DO  NOT  MARK  IN  THIS  TEXT 

Match  the  list  of  relays  below  to  their  symbols. 

Write  the  letter  corresponding  to  the  proper  symbol  in  the  blanks 
provided  on  the  response  sheet. 


1. 

SPOT 

fixed  core  relay. 

2. 

4PDT 

fixed  core  relay. 

3. 

TPDT 

fixed  core  relay. 

4. 

SPST 

solenoid  relay. 

5. 

SPST 

fixed  core  relay. 

6. 

4PST 

solenoid  relay. 

28 
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Answers  to  Frame  24:       d    1.       b    2.       e    3.       a    4.       f  5, 


Frame  25 


Use  the  list  of  relays  below,  and  locate  the  relay  in  frame  36  of 
this  text.    Write  the  number  of  the  relay  in  the  blanks  provided  on  the 
response  sheet.    A  blank  may  require  more  than  one  number. 


DO  WT  MARK  IN  THIS  TEXT 

_a.  TPST  relay. 
J>.  4PDT  relay. 
_c.  SPST  relay, 
ji.      SFDT  relay. 


_e.      TPDT  relay. 
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Answers  to  Frame  25:  4  a.  8  b.  1.  2t  5,  14  c.  7  d.  3,  6  e. 
Frame  26 

Now       are  ready  to  discusa  protective  devices.    The  purpose  of 
these  devices  is  to  protect  electrical  circuits  from  excessive  overload 
or  circuit  damage.    An  overload  iseans  that  too  much  current  is  flowing 
in  the  circuit.    This  condition  can  be  caused  by  a  short  circuit,  or 
trying  to  operate  \oo  many  units  on  one  circuit.    Overloaded  circuits 
cause  tfce  wire  to  overheat,  and  possibly  burst  into  flames.  Protective 
devices  are  known  as  fuses  or  circuit  breakers.    Let  us  talk  about  fuses 
first.    Here  are  a  few  examples. 


.  SYMIOI 

i 


Mark  the  following  true  statements  with  a  "T"  on  the  response  sheet. 

1.      A  fuse  rated  at  5  amps  would  blow  (burn  out)  if  6  amps  were 
"        flowing  in  the  circuit. 

 2.      A  protective  device  should  be  used  in  every  circuit- 
Use  frame  36  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 

 3.      Fuses  are  identified  by  what  number (s)  in  frame  36? 


ERLC 
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Answers  to  Frame  26:       T    1.       T    2.    11.  12,  13  3. 


Frame  27 

Other  types  of  fuses  will  allow  a  power  overload  for  a  short 
period^ of  time  before  blowing.    These  type  fuses  are  usually  referred 
to  as    slow  blow"  fuses.    They  are  needed  in  electric  motor  circuits 
because  motors  require  higher  current  for  starting  than  they  need 
for  continuous  running.    If  for  some  reason  this  higher  current  flow 
should  go  on  past  the  starting  stage,  the  fuse  would  blow^rotecting 
the  circuit.    These  fuses  are  perfectly  safe  since  it  takes  a  little 
time  for  the  wires  to  heat  up.    If  we  put  in  exactly  the  right  size 
fuse  to  protect  the  circuit  wiring  for  a  running  motor,  it  would  blow 
every  time  the  motor  started. 

DO  NOT  MARK  IN  THIS  TEXT 

Mark  the  correct  answer  for  each  of  the  following  questions  on  the 
response  sheet. 

 1.      High  starting  current  would  probably  blow  an  ordinary 


a.  switch. 

b.  fuse. 

"Slow  blow"  fuses  will  allow  higher  than  rated  current  flow 
\ 

a.  temporarily.  <* 

b.  Indefinitely. 

A  blown  10  amp  fuse  was  replaced  in  a  10  amp  circuit.  There 
would  be  a  possibility  of  fire  without  t;he  fuse  ever  blowing 
if  it  was  replaced  by  a 

a.  30  amp  fuse.  A 

b.  5  amp  fuse.  . '  { 
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Answers  to  Frame  27:       b    1.       a    2,       a  3. 
Frame  28 

Another  type  of  protective  device  is  known  as  a  circuit  breaker. 
Three  types  of  circuit  breakers  are  shown  below  along  with  the  symbol 
for  each.    Circuit  breakers  serve  the  same  function  as  fuses,  that  is, 
to  protect  circuits  in  the  event  of  an  overload. 


PUSH  TO  tlSIT 


SYMftOl 


FUSHttHl 


JYMIOI 


TOGGIE  TYM 


ri 


SYMlOl 


The  push-pull  and  the  toggle-type  circuit  breakers  can  be  used 
to  open  a  circuit  manually,  the  saine  as  you  would  do  with  a  switch. 
All  of  these  will  work  automatically  to  open  the  circuit  in  the  event 
of  an  overload. 

DO  NOT  MARK  IN  THIS  TEXT 

Use  frame  36  to  answer  the  following  question  on  the  response 
sheet.    The  blank  may  require  more  than  one  number. 


1.      Circuit  breakers  are  identified  by  what  number (s)  in  frame  36 


32 


Answers  to  Frame  28:    9,  10  1. 

Frame  29 

Circuit  breakers  operate  on  the  thermal  effect  of  current.  This 
means  that  vires  and  electrical  components  are  heated  by  the  current 
that  flows  through  them.    If  too  much  current  flows  through  a  circuit 
breaker,  the  heat  created  by  the  current  causes  the  circuit  breaker  to 
trip  or  "pop,"    You  can  tell  at  a  glance  when  a  push  button  or  push-pull 
circuit  breaker  is  tripped  because  of  a  white  band  around  the  button. 
When  the  button  is  pushed  in,  you  cannot  see  the  white  band.    When  the 
cirjuit  breaker  is  tripped,  the  white  band  is  exposed.    You  can  also  tell 
when  the  toggle  type  circuit  breaker  is  tripped,  because  it  will  be  in 
the  OFF  position. 


MCAKCR  CtOStD  ci'CKI  IT  OPCNSI 

ON  NORMAL  IOAO  ON  OvMlOAD 


Mark  the  following  true  statements  with  a  "T"  on  the  response 
sheet. 

 1.     The  thermal  effect  which  causes  a  circuit  breaker  to  trip 

is  caused  by  the  applied  voltage. 

 2.     A  circuit  breaker  is  a  device  which  prevents  damage  to 

circuit  components. 

 3.     You  can  tell  when  a  circuit  breaker  is  pushed  in,  because 

you  can  see  the  white  band. 


mi 

Answers  to  Frame  29: 


1.       T2-   -3' 


FraBe  30  ,       -r  be  bypassed  b: 

?uaefl  and  circuit  breads  should  J^**".    If  a 
v  It  T.  fuse  or  wrapping  •  'use  sood  reason 

penny  behind  a  fuse  °„      „  ^  i.  usually  a  g»  (± 

OI  .  circuit P«t««^wd'fC*Utn.r  should 

.  protactlva  device  wltn  °o 
{„r  in  the  circuit. 

the  — "  «** 


to  be  bypassed.  j 

a  ««  aircraft  because  of  tt 

2  Many  fires  are  caused  on  aircra 
-        circuit  protection. 

*    circuit  protective  device  would 

3  Bypassing  tb*  clr^CaJ  „, 
"        having  no  protection  at  all. 
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Answers  to  Frame  30:       T  l. 


2.       T  3. 


Frame  31 


All  control  and  protective  devi^ga-'are  rated  by  current  and 
voltage.    Some  devices  have  a  data  plate  and  others  have  the  rating 
stamped  on  the  side  of  the  case.    Always  use  devices  with  proper 
ratings  in  any  circuit. 


Mark  the  correct  answer  for  each  of  the  following  questions  on  the 
response  sheet. 

 1.      Control  and  protective  devices  have  two  things  in  common. 

They  are  all  rated  in  % 

a.  current  only. 

b.  voltage  only. 

c.  current  and  voltage. 

 2.      Ratings  can  usually  be  found  some  place  on  the  control  or 

protective  device. 

a.  True 

b.  False 

 3-      Y°u  should  pay  strict  attention  to  the  control  anr 

protective  devices 

a.  manufacture  title. 

b.  ratings. 


DO  NOT  MARK  IN  THIS  TEXT 


r 

lib 

Answers  to  Frame  31:       c    1.       a    2.       b    3 . 
Frame  32 

Now  let's  see  what  you  have  learned  about  control  and  protective 
devices.    Match  Che  terms  on  the  right  with  the  symbols  on  the  left. 
Write  the  letter  corresponding  to  the  appropriate  device  in  the  blanks 
provided  on  the  response  sheet* 

4lA     {     £Aj  a.      SPST  "momentary  on"  switch 

c      Circuit  breaker  (push-pull) 
d.      SPST  relay  (solenoid-type) 

 3. 


b.      Push  button  switch 


4. 


ff\P  e-      Thermal  switch 

f.      SPDT  switch  (toggle) 


g.  Circuit  breaker  (push-to-reset) 

h.  Pressure  switch 

i.  Rotary  8-position  switch 
j.  Microswitch  (limit  switch) 
k.  SPST  switch  (jtoggle) 

8*       0^  A  1#  SPST  relaY  (fixed-core  type) 

m.  Circuit  breaker  (toggle-type) 

n.  Fuse 


7 


10. 


11. 


1  n 


13. 


14. 


ft 


502 


m 

Answers  to  Frame  32^       d    1.       k    2.   n_3.       m,  4.       b  5. 

e    6 .       1    7 .       a    8 .       g    9 .       i    10 . 
h    11,       f    12.       c    13.       1  14. 

Frame  33 

Using  the  list  of  control  and  protective  devices  below,  find  these 
items  to  frames  35  and  36,  and  list  their  corresponding  numbers  in  the 
blanks    rovided  on  the  response  sheet.    You  may  have  to  use  more  than 
one  number  in  a  blank.    It  is  NOT  important  that  you  list  which  frame 
the  item  is  on,  as  long  as  you  have  the  correct  number  in  the  proper 
blank. 

 a.      SPST  "momentary  ON"  switch  (toggle) 

 b.      Push-button  switch 

 c.      Circuit  breaker  (push-pull) 

 d.      SPST  relay  (solenoid-type) 

 e.      Thermal  switch 

 f.      SPDT  switch  (toggle) 

 g.      DPDT  switch  (toggle) 

 h.      Pressure  switch 

 i. a    Rotary  switch 

 j.      Microswitch  (limit  switch) 

SPST  switch  (toggle) 
SPDT  relay  (fixed- core- type) 
Circuit  breaker  (toggle-type) 
Fuse 

.  i 


I 


503 

37  x 
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Answers  to  Frame  33:       3    a.    ~b    b.       9    c.     14   d.       3  e 

19.  11  f .      12    a.      16    h.       7  i. 
4.  14  1.    1.  3.  6  k.   7  1.      10  m, 

V. 

11,  12 ,  13  n. 

Frame  34 

Which  of  the  following  ratings  are  common  to  fuses,  circuit 
breakers,  and  switches?    Write  the  letter  which  identifies  your  v 
answer  on  the  response  sheet. 

a.  Current,  voltage  and  pressure. 

b.  Current,  voltage^and  blow  characteristics. 

c.  Current,  voltage  and  temperature. 

d.  Current  and  voltage. 
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FOREWORD 


This  programmed  text  was  prepared  fci  use  in  Course  3ABR42335, 
Aerospace  Ground  Equipment  Mechanic.    The  materials  contained  herein 
were  validated  with  30  students  from  the  subject  course.    At  least 
90X  of  the  students  passed  the  objectives  as  stated.     The  average 
time  to  complete  this  text  was  543  minuses. 

OBJECTIVE 

Indicate  the  relationship  of  meter  controls  to  their  function  and 
interpret  meter  scale  indications  with  a  minimum  of  70%  accuracy. 

INSTRUCTIONS 

This  programmed  text  gives  you  information  in  small  steps  called 
"frames."    Read  and  study  the  written  material  in  each  frame  with 
care  until  you  feel  that  you  understand  it.    After  eacl,  frame  you 
are  expected  to  respond  by  supplying  a  word,  or  words,  to  complete 
a  sentence,  choose  either  a  true  or  false  statement,  select  a 
correct  answer,  or  match  some  terms  to  their  locations  or  functions. 
After  you  have  made  your  response,  check  your  anwers  with  the 
answers  given  at  the  bottom  of  the  page  of  the  next  frame.     If  your 
answers  are  right,  go  on  to  the  next  frame.     If  you  are  wrong  on  any 
of  your  answers,  read  and  study  the  material  in  that  frame  again 
and  correct  your  mistakes  before  you  go  on  to  the  next  frame.  If 
you  still  do  not  understand  the  material,  ask  your  instructor  for 
help. 

Note:    This  programmed  text  is  to  be  accomplished  with  the  use 

of  a  PSM-37  multimeter  and  meter  leads.    Your  irstructor  will  / 

provide  you  with  these  items.  ( 

INTRODUCTION 

^  During  your  life  you  have  used  measuring  devices.     Some  of  these 

/   are  clocks,  rulers,  speedometers,  and  weight  scales. 

As  you  read  this  PT  you  will  learn  about  a  measuring  device 
used  in  electrical  circuits.     It  is  called  a  multimeter. 


Supersedes  3ABR42335-PT-202 ,  14  October  1976,  which  may  be  used  until 
aJl  stock  is  depleted. 
OPR:     3370  TTG 
DISTRIBUTION:  X 
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Frame  1 

The  multimeter  taught  in  this  PT  is  the  PSM-37  multimeter.  The 
PSM-37  can  be  used  to  check  alternating  current  (AC) ,  direct  current 
(DC),  AC  and  DC  voltage,  and  resistance.    The  maximum  value  of  each 
that  this  meter  can  measure  is  given  in  the  chart  shown  below. 


Units  j 

4 

Without  A 
Lead  Adapter 

With  Adapter 

Voltage 

0-1000  Volts 

0-5000  volts 

Current 

0-1  amp 

0-10  amps 

Resistance 

0-100  Megohms 

No  Adapter 

List  the  Five  Functions  of  the  PSM-37 

1.  

2.   

3.   

4.  

5. 


5oa 

l 


son 

Frame  2 


In  order  for  you  to  make  volts,  amps  and  ohms  tests  with  the 
PSM-37  multimeter,  you  must  know  where  all  of  the  controls  are  found 
and  what  they  do.    We  will  tell  you  about  each  of  them  in  the  ne*t^ 
few  frames.    As  we  talk  of  them,  find  them  on  your  meter  to  check  ^ 
your  knowledge  of  their  location. 

NO  RESPONSE  REQUIRED. 


Answers  to  Frame  1: 

1.  AC  voltage,  2.  DC  voltage,  3-  AC  current,  4.  DC  current 
5.    Resistance  (in  any  order). 


ERIC 


5  J() 


Frame  3 

The  meter  face  shows  the  values  that  you  are  measuring*  It 
is  made  up  of  two  scales,  OHMS  and  AC  and  DC. 

The  green  OHMs  scale  is  used  when  you  make  a  resistance  test* 
It  is  read  from  right  to  left.    Look  at  your  meter;  you  will  see 
a  wide  green  area  on  the  OHMS  scale  from  5  to  60.    The  reason  for 
thie  is  to  show  the  part  of  the  scale  where  the  most  accurate  readings 
can  be  made.     In  later  frames  you  will  find  it  extremely  important  in 
taking  readings  from  this  wide  green  area  for  the  most  accurate  range. 

The  black  AC  &  DC  scale  is  used  when  you  make  a  voltage  or  current 
test  of  circuits.    The  values  of  the  scales  will  be  volts  when  measuring 
voltage  and  milliamperes  (M*)  when  you  test  for  current.    By  now  you 
should  have  seen  that  there  are  ,three  sets  of  numbers  below  the  black 
scale    You  will  be  told  more  about  these  later. 

The  meter  needle  (pointer)  points  to  the  value  of  volts,  milli- 
amperes or  ohms  being  measured • 


Match  the  statement  or  function  in  Column  B  with  the  names  to 
which  they  relate  to  in  Column  A  by  placing  the  letter  of  the  Column 
B  items  beside  the  timbers  of  the  Column  A  items. 

Column  B 

a.  Read  left  to  right  and 
evenly  marked . 

b.  Moves  to  indicate  the 
value  being  measured. 

c.  Ranges  from  zero  (0) 
to  infinity  (°°) 


ooXumn  A 

1. 

OHMS  scale 

2. 

AC  &  DC  scale 

Needle 

4. 

Most  accurate  ohms 

range  area 

f . 


Displays  the  values  being 
measured. 


0  to  60. 
5  to  60. 


Frame  4 

The  OHMS  ADJUST  knob  is  found  at  the  center  and  to  the  left  of 
the  meter  front  and  is  marked  ADJ.    It  is  used  to  compensate  for 
the  aeing  of  the  batteries  that  are  in  the  meter.    It  is  turned  to 
make  the  needle  line  up  on  the  "0"  on  the  ohms  scale,  before  you  make 
a  resistance  check. 

NO  RESPONSE  REQUIRED. 


Answers  to  Frame  3: 

1.    c,    2.    a,    3.    b,    4.  f 
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Frame  5 


The  FUNCTION  switch  can  be  seen  in  the  lower  left  on  the  meter 
front.    It  is  used  to  set  the  meter  up  to  test  for  AMPS,  OHMS,  or 
VOLTS.    It  has  seven  positions.    The  ones  that  you  will  have  to  use 
the  most  are  the  "MA"  position  for  current  checks,  "LP"  and  "STD" 
for  resistance  checks,  and  "10  meg  Q"  for  voltage  checks.    The  "LP11 
position  on  ohms  has  a  low  power  output  for  use  when  testing  solid 
state  devices  and  very  small  values  of  resistance  (0  to  60  12). 
The  "STD"  is  used  for  all  other  ohms  checks. 


VOLTS 


AMPS 

MA 

PULSE  MA 

IOOVA 
SPECIAL 
100  MV 


FUNCTION 


Place  a  checkmark  (/)  beside  each  true  statement. 


_1.      To  set  the  meter  for  measuring  voltage,  you  would  turn  the 
function  switch  to  one  of  the  voltage  settings. 


The  "STD"  position  of  the  function  switch  is  for  measuring 
low  powered  components. 
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Frame  6 

The  test  jacks  are  found  at  the  bottom  center  of  the  meter  front. 
The  red  one  is  the  positive  jack  and  is  marked  with  a  "+".    The  black 
lack  is  negative  and  is  not  marked.    The  two  jacks  give  a  connection 
point  for  the  meter  leads.    There  are  two  meter  leads;  one  red  and 
one  black.    The  red  lead  will  always  be  placed  in  the  positive  side 
of  the  circuit  and  the  black  in  the  negative.    To  put  the  meter  leads 
in  the  test  jack,  do  the  following:    slide  the  front  part  of  the 
plug  back  while  you  push  the  plug  into  the  jack.    When  you  let  go 
of  the  plug  it  will  lock  in  place  in  the  jack.    Be  sure  that  you 
match  the  color  of  the  lead  with  the  color  of  the  jack.    If  you  reverse 
the  leads,  the  meter  may  be  damaged  when  it  is  connected  to  a  live 
circuit  (one  that  has  power  in  it).    Refer  to  the  diagram  below. 

Note:    Place  your  meter  leads  in  the  test  jacks  of  your  meter 
at  this  time  (the  leads  are  normally  stored  in  the  meter  lid). 


BLACK  JACK 


RED 
PLUG 


BLACK 
PLUO 


Complete  the  following  statement (s)  by  choosing  the  correct  word 
or  words  and  record  on  the  response  sheet. 


1.      The  red  lead  is 


(negative-positive)  and  is 


connected  to  the 


(red-black)  meter  jack.  The 


  (red-black)  negative  lead  is  connected  to  the 

  (red-black)  meter  jack. 

Answers  to  Frame  5:        /    1.  2. 
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Frame  7 


The  RANGE  switch  is  found  in  the  lower  right  corner  of  the  meter 
front  and  is  marked  RANGE.     It  is  used  to  set  the  maximum  values  of 
voltage  and  current  to  be  measured  or,  the  multiplier  for  the 
resistance  checks.    The  maximum  range  settings  are  those  numbers 
below  the  lines.     The  multiplier  are  the  R  X  numbers  above  the  line. 
The  position  of  the  range  switch  relates  one  of  three  things  to  the 
operator: 

1.  The  maximum  voltage  that  the  meter  can  measure  at  that  1 
particular  range  setting.     Set  the  functioa  selector  to  the  volts  - 
10  Meg  position  and  the  range  switch  to  the  10  position.    The  mptes 
will  measure  a  maximum  of  10  volts. 

2.  The  maximum  current  that  the  meter  can  measure  at  that 
particular  range  setting.     Set  the  function  selector  to  AMPS  -  MA 
and  the  range  switch  to  500.    The  meter  is  capable  of  measuring  a 
maximum  of  500  ma  (one-half  of  an  amp). 

3.  The  multiplier  of  the  ohnic  (resistance)  value  that  the 
meter  is  reading.     Set  the  function  selector  to  the  OHMS  -  STD  posi- 
tion and  the  range  switch  to  R  X  IK.    Multiply  the  meter  reading  by 
1000  to  get  tlie  correct  resistance  value. 


Place  a  MT"  in  the  space  provided  beside  each  true  statement. 

;1.      The  range  switch  means  the  maximum  voltage  the  meter  will 
measure  on  the  OHMS  function. 

_2.      While  the  PSM-37  is  set  to  AMFS  -  MA,  the  range  switch  tells 
the  operator  the  maximum  current  the  meter  is  capable  of 
measuring  at  that  setting. 

3.      With  the  RANGE  switch  in  the  R  X  10K/250  setting,  the 

operator  would  multiply  the  OHMS  scale  readings  by  10,000. 


Answers  to  Frame  6:     1.     positive,  red,  black,  black 
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Frame  8 

The  polarity  switch  turns  the  multimeter  on  and  off,  and  sets 
the  meter  to  test  DC+,  DC-,  or  AC.    The  "+"  and  "-"  silns  mean 
the  polarity  that  must  be  applied  to  the  red  test  leatf when  you 
make  DC  measurements  so  that  the  meter  pointer  will  move  up  scale 
to  the  right.    If  the  pointer  moves  to  the  left,  just  change  the 
polarity  switch  to  the  other  DC  setting  or  reverse  the  test  leads 
in  the  circuit.    When  you  make  OHMS  checks,  the  +  or  -  will  mean  the 
output  polarity  of  the  red  test  lead.    The  shape  of  the  polarity 
switch  knob  will  not  allow  the  cover  for  the  meter  to  be  put  on  unless 
the  switch  is  in  the  off  position.  ' 


OFF 


Complete  the  following  statements  by  placing  the  correct  word(s) 
in  the  blank  spaces. 


1.  When  a  negative  voltage  is  applied  to  the  red  lead,  the 
polarity  switch  suu^t  be  turned  to  the  position. 

\ 

2.  The  meter  polarity  switch  would  be  turned  to    position 

when  measuring  alternating  current. 

3.  If  the  meter  needle  moves  to  the  left  of  the  "0"  on  AC  & 

DC  scale,  the   switch  must  be  turned  to  the  opposite 

DC  position. 


Answers  to  Frame  7:   1.       T    2.       T  3. 
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Frame  9 

i  V 

The  OVERLOAD  indicator,  and  the  PUSH  TO  OPEN  AND  RESET  control 
are  both  a  part  of  the  overload  protection  circuit.    A  red  shaft 
will  show  in  the  overload  indicator  when  the  meter  has  been  over- 
loaded.   To  reset  the  meter  for  normal  use,  just  take  the  meter 
leads  out  of  the  circuit,  and  push  the  "push  to  open  and  reset" 
control.    The  red  shaft  will  retract  and  stay  that  way  when  you  let 
go  of  the  button,  if  the  overload  circuit  breaker  has  been  reset 
the  right  way.    The  next  step  is  to  set  the  meter  to  a  higher  range 
so  that  it  will  not  be  overloaded  again.    Now  the  meter  is  ready  for 
use.    The  push  to  open  and  J^get  control  should  be  pushed  in  when 
you  change  the  range  or  function  switch  setting  and  you  do  not  take 
the  test  leads  from  the  circuit. 


OVERLOAD 

® 

PUSH 
,  ro  OPEN 

Di 

RESET  y 


> 


Complete  the  statements  below  by  filling  in  the  blank  spaces  with 
the  correct  answers. 

1.  If  too  much  voltage  or  current  is  applied  to  the  meter,  the 

 ____  indicator  will  have  a  shaft  appear 

in  it. 

2.  After  removing  the  meter  from  a  circuit  due  to  an  overload, 
you  must  push  in  the   button. 


Answers  to  Frame  8:  ^ 
1.    DCj:,    2.    AC,    3.  Polarn^ 


ERLC 
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Frame  10  (continued) 


The  following  exercise  checks  your  knowledge  of  the  meter  control 
names,  location  and  functions.    Use  the  illustration  of  the  meter  on 
the  preceding  page  to  select  the  letter  that  corresponds  to  the  name 
of  that  control.    Place  the  letter  you  chose  from  the  illustration 
in  the  "Meter  Letter"  column.    Then  match  up  the  function  Qf  the  con- 
trols in  the  "Function"  column  with  the  name  of  the  control  in  the 
"Name"  column.     Place  your  letter  choice  in  the  "Function  Letter" 
column . 


Name  Meter 
Letter 

1 .  Needle   C  

(Pointer) 

2 .  OHMS  

(Green) 

3.  OHMS  Adj.   


4.  Test 
jacks 


Function 
Letter 

(b)  (a) 

(  ) 

(b) 

JUL 

(  )  (c) 


Functions 

,  *r 

scale  used  to  indicate 
voltage  or  current 
readings • 

aligns  with  the  scale 
to  indicate  value 
measured . 

hook-up  point  for 
leads- 


5.  Function 
switch 

6.  Polarity 
Switch 

7.  PRESS  IX, 
OPEN  and 
RESET 

8.  AC  &  DC 

9.  Overload^ 

10 .  Range 
Switch 


(  ) 

_(  ) 
(  ) 

(  ) 

XL 


Answers  to  Frame  9 : 


(d)  used  to  break  meter 
inp>:t  circuit  and 
reset  overload 
protector . 

(e)  used  to  "zero"  the 
pointer  on  OHMS 
scale. 

(f)  determines  if  meter 
measures  OHMS,  VOLTS, 
or  AMPS. 

(g)  used  to  select  the 
type  of  current  or 
voltage  to  be  applied 
to  the  meter. 

(h)  indicates  values  in 
OHMS* 

(i)  determines  maximum 
value  to  be  measured 
or  multiplier  for 
ohms . 

(j)     indicates  excessive 
power  has  been 
applied  to  PSM-37. 


1 .      overload  ,  _red 

^  •      Push  to  open  and  rescj:  5  1 
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Frame  11 


The  PSM-37  meter  is  built  to  measure  many  OHMS  values.    A  look 
at  the  meter  in  front  of  you  shows  that  there  are  six  (6)  positions 
for  the  ohmmeter  function.    They  are  R  X  1,  R  X  10,  R  X  100,  R  X  IK, 
R  X  10K  and  R  X  100K.    To  measure  resistance,  th*  POLARITY  switch 
must  be  turned  to  one  of  the  DC  positions  (usually  DC+)  ;  the  RANGE 
switch  must  be  set  to  one  of  the  six  positions  listed  above  and 
the  function  switch  must  be  set  on  OHMS.    The  OHMS  position  used 
in  this  block  will  be  the  STD  position.     (NOTE:    The  LP  positftm 
is  for  testing  low  power  devices  and  is  ufced  with  the  R  X  1  posi- 
tion of  the  RANGE  switch.)    To  measure  resistance. accurately,  the 
ohumeter  must  first  be  "zeroed".    You  zero  the  meter  by  touching  the 
ends  of  the  leads  together  wi,th  the  meter  set  as  you  were  told  above. 
The  meter  needle  should  move  to  the'  zero  end  of  the  ohms  scale. 
Note  that  the  OHMS  scale  is  GREEN.    If  the  needle  does  not  go  all 
the  way  to  zero,  or  goes  past,  then  turn  the  OHMS  ADJ  knob.  Turn 
the  knob  to  bring  the  needle  in  line  over  the  "zero"  on  the  OHMS 
scale.    When  the  test,  leads  are  separated  the  needle  should  go 
back  to  the  left  end  of  the  OHMS  scale,  over  th<   infinity  («)  mark. 

Use  your  PSM-37  and  zero  the  ohmmeter  in  the  R  X  10  through 
R  X  100K  range  positions. 

Note:    The  PSM-37  meter  should  not  need  to  be  rezeroed  on  each 
of  the  RANGE  switch  positions.    Once  zeroed,  the  meter  should 
stay  zeroed  through  all  resistance  range  positions. 

If  your  meter  will  not  zero  on  any  of  the  ranges,  push  the  "Pudh 
to  Open  and  Reset"  button.    If  your  meter  still  will  not  zero,  ask 
your  instructor  for  help. 

Check  the  true  statement (s) • 

 1.      With  the  function  switch  in  OHMS  STD  and  RANGE  switch  in 

R  X  1,  the  meter  can  be  zeroed  on  OHMS.     (Use  your  meter 
and  test  this  statement.) 

 2.      The  readings  are  taken  from  the  green  scale  of  the  PSM-37 

when  the  function  switch  is  in  the  OHMS  function. 

 3.      The  PSM-37  meter  needs  only  to  be  zeroed  when  you  first 

start  to  use  it  as  an  ohnme  er. 

 4.      The  zero  mark  for  OHMS  is  on  the  left  side  of  the  OHMS 

scale. 

Answers  to  Frame  10:    1.    C  (b)      2.    A       (h)      3.    D  (e) 

4.    F       (c)      5.    E        (f)  6.    H       (g)      7.    I  (d) 

8.    B  (a}_    9,    J        (j)  10.    G  (i) 
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Vhe  OHMS  (green)  scale  is  prdbaVly^  the  most  easy  to  read.  The 
v*xue  of  each  mark  on  the  scale  sfw/s  the  same  for  each  position  of 
the  RANGE  switch.    For  example ,  the  numbers  on  the  OHMS  scale  will 
always  be  the  same  value;  5.  10,  20,  30 >  and  so  on*    The  range 
switch  is  what  determines  whet  you  multiply  these  numbers  by  to 
get  the  resistance  reading  of  what  you  are  measuring.    This  will  be 
covered  in  the  next  frame 

You  will  not  have  much  trouble  with  reading  the  meter  wher  the 
actor's  needle  comes  to  rest  on  one  of  the  larger  marks  which  are 
numbered,  or  when  the  needle  2omes  to  rest  halfway  between  any  two 
numbered  marks*    The  hard  part  comes  when  the  needle  comes  to  rest 
on  a  ajaO  1  mark  or  between  small  marks.    To  find  the  small  mark 
values  follow  these^Mteps: 

1.  First  step,  note  the  two  numbered  values  which  the  needle 
is  resting  between* 

2.  Subtract  the  smaller  value  from  the  larger  value. 

?.      Count  the  number  of  divisions  (blank  spaces)  between  the 
two  numbers. 

4.  Divide  the  value  you  got  in  step  two  by  the  number  of 
divisions  counted  in  step  three. 

5.  You  now  have  the  value  of  one  division  on  the  scale  you 
are  using. 

6.  Add  up  the  number  of  divisions  your  needle  is  from  tne 
lowest  value  you  notcc  i&i  step  one. 

7.  The  la£t  st*:p  is  to  add  the  total  value  of  the  summed 
divisions  in  step  six  lo  tne  lowest  number  value  to  ge^   /he  proper 
reading. 

As  an  example  of  the  procedure  outlined  above,  we  will  go  through  the 
complete  procedure  for  the  value  indicated  by  pointer  A  in  the  figure 
on  the  next  page.  ^  _ 


V 
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Frame  12  (continued) 


OKMS 


1.  Needle  is  resting  between  30  and  50. 

2.  Subtract  30  from  50  you  get  20. 

3.  Count  10  divisions  between  30  and  50, 
 Jl*   Divide  20  (trom  step  2)  by  10  to  get  2. 

*  5.  One  division  is  equal  to  2* 

6.  The  lowest  value  is  30  and  the  needle  is  four  divisions 
to  left  of  this  value. 

7.  Multiply  A  times  2  to  get  8;  add  8  to  30  to  get  38. 

Using  the  figure  above,  complete  the  following  by  filling  in 
the  blank  with  the  correct  response. 

1.  Needle  B  is  indicating  

2.  Needl*.  C  is  indicating  

3.  Each  division  mark  between  20  and  30  is  equal  to 

4.  Each  division  mark  between  50  an1  100  is  equal  to 

Answers  to  Frame  H:  1.        /    2.        ^3.  A. 


Frame  13 


577 


^The  illustration  below  shows  the  ohmmeter  scale  of  the  PSM-37 . 
measuring  resistance  in  the  R  X  1  range,  it  is  read  just  as 
shown  by  the  needle  on  the  OHMS  scale.    With  the  RANGE  switch 
in  any  of  the  other  R  X  positions  you  would  multiply  the  resistance 
reading  (R)  times  the  number  at  the  R  X  position. 

Example:    In  the  R  X  10  position  the  needle  stops  at  the  30 
marl'  on  the  OHMS  scale.    You  would  take  30  times  10.  t  Vcj(  ohmic 
value  you  have  measured  is  300  ohms.    In  the  R  X  100/  position  it 
would  be  30  times  100,  which  equals  3000  ohms.  JJr 

What  res^hfctance  is  indicated  in  each  of  the^ohmmeter  scales 
below? 


1.      R  X  10  = 


OHMS 
30  20 


II, 


10 


/ 


15  523 


Frame  14 

The  range  to  be  used  in  measuring  any  resistance  that  you  do 
not  know  depends  on  the  ohmic  value  of  the  unknown  resistance.  Let 
us  say  that  the  R  X  1  range  of  the  PSM-37  is  being  used  and  that  the 
unknown  resistance  that  you  have  is  more  than  2,000  ohms.    In  this 
case  the  resistance  Is  too  great  to  move  the  pointer  away  from 
infinity  (•)•    The  RANGE  switch  would  then  have  to  be  set  to  the 
R  X  10  position.   Jd  this  wa&  done  and  the  needle  still  did  not  move, 
then  you  would  h^ve  ^<o  use  the  R  X  100  range,  and  so  on.    If  the 
needle  still  does  not  move  when  you  use  the  R  X  100  range,  you  have 
a  resistance  that  is  too  high  to  measure  with  the  PSM-37.    This  is 
commonly  referred  to  as  an  infinite  amount  of  resistance  and  is 
represented  by  "•H. 

Note:    To  be  sure  no  problem  exists  with  the  meter,  check 
to  see  if  the  meter  will  zero  in  all  resistance  range 
positions. 

Check  the  true  stateraer**(s)  * 
 1.      A  resistance  reading  of  «>  is  the  same  as  one  of  0  ohms. 


2.     When  testing  resistance,  if  the  needle  of  the  ohmmeter 
doesn't  move,  it  is  indicating  infinity  (•) . 


Answers  to  Frame  13:  1.  150Q  2.  420,000ft  3.  8,500ft 
4.  60Q 


18 
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Frame  15 


ST^-    Jf  "k«  th.  reading.  rro»\„y  other  p.«  of  the 

s^r*  si  ranro -  --'■eSu-rsi^h:  -^r- 

WO  marks"    .  dff?  8  ;  ,5*  B>eter  needle  18  between  the  300  to 

*"  SS  3t  the  readlng.  a  large  margin  for  error  can  exist. 


OHMS 


Example  B  shows  the  same  resistance  measure,    jsins  th.  »  v  in 

ITIV  tll^elaT'V^  °Perat0r  thelcafetadinV 
Of  the  scale  is  Jo  oLTT  \CCurata  bec*-*  ««h  mark  in  this  afea 
2m      tI         t  ™  <marks  are  2  polnts  each  times  10,  equals 

20).    Then,  the  margin  for  error  is  reduced. 


5*a 

Frame  15  (continued) 


Example  C  shows  a  360  ohm  resistance  reading  on  the  R  X  100 
range.    In  this  case  you  must  multiply  the  scale  reading  by  100. 
The  measurement  Is  less  accurate  than  B  because  each  mark  Is  vorth 
50  ohms  (>5  X  100  equals  50).    The  margin  for  error  is  increased. 


OHMS 


c. 


Study  the  ohumeter  scales  shown  below.    Find  out  if  the 
resistance  is  being  read  by  the  most  accurate  range.    If  the  right 
range  is  used,  write  "OK"  in  the  blank  next  to  that  scale.    If  the 
right  range  is  not  used,  write  the  range  which  should  be  used. 

1.      480  ohms,  R  X  1  range     . 


OHMS 


25  ohms,  R  X  10  range 


Frame  15  (continued) 


240  ohms,  R  X  10  range 


21 


52<J 


Frame  16 


Look  at  the  face  of  the  PSM-37  meter  in  front  of  you.    The  AC 
&  DC  scales  are  printed  in  black.    On  the  lower  left  side  of  the 
■eter  face  you  will  find  the  FUNCTION  switch.    It  has  three  VOLTS 
positions*    While  in  this  block  we  will  have  you  use  the  10  meg  Q 
position.    The  only  difference  between  ttye  three  positions  is  in 
circuit  loading  and  this  is  of  no  importance  to  you  at  this  point. 
On  the  lower  rigfct  side  of  the  meter  face  is  the  RANGE  switch. 
This  switch  is  very  important  since  it  is  used  to  select  the 
maximum  range  the  meter  can  measure  in  volts  and  current,     if  you 
select  the  wrong  range,  you  could  cause  damage  to  the  meter. 

Look  at  the  AC  &  DC  scale.  You  will  notice  that  there  are 
three  sets  of  numbers.  In  the  space  below,  write  the  range  for 
each  set  of  numbers.    The  first  one  has  been  done  for  you. 

Top  Scale:    Numbers  range  from  0  to  2.5. 

Middle  Scale:    Numbers  range  from    to   . 

Bottom  Scale:    Numbers  range  from  to 


Answers  to  Frame  15:     I.     R  X  10  2.     R  X  1  3 .     OK  4 .  OK 


23 
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Frame  17 

The  number  to  the  far  right  of  each  scale  shows  the  maximum 
deflection  of  the  meter fs  needle*    The  values  of  these  numbers 
(2.5,  5,  and  10)  will  depend  on  where  the  range  switch  is  set. 
There  are  seven  ways  to  set  the  range  switch:     .5,  2.5,  10,  SO, 
250,  500  and  1,000.    These  numbers  show  the  highest  value  which  , 
can  be  read  with  che  meter  for  any  of  the  settings  of  the  ranryfe 
switch.    For  example,  if  the  range  switch  was  set  at  250,  the  max- 
imum value  that  could  be  checked  with  the  meter  would  be  250. 
This  value  may  be  in  volts  or  mill  lamps  as  determined  by  the 
function  switch.    If  more  than  250  were  applied  to  the  meter, 
it  might  be  hurt. 

Fill  in  the  blanks  with  the  correct  number. 

1.      If  the  range  switch  is  set  at  50,  the  maximum  voltage 
that  can  be  measured  would  be 


2.      If  the  range  switch  is  set  at  2.5,  the  max  iraujr  voltage 
that  can  be  measured  would  be 


3.      If  you  wanted  to  measure  a  voltage,  the  value  which 

would  be  between  250V  and  500V,  the  RANGE  switch  would 
have  to  be  set  at  the   position. 


Answers  to  Frame  16:    0  to  5 

0  to  10 


ERIC 
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Frame  18 


Since  there  are  seven  ways  to  set  the  range  switch  and  only  three 
different  scales,  each  scale  is  used  by  several  range  positions.  The 
2.3  and  250  range  switch  positions  use  the  top  scale  (0-2.5).  The 
.5,  50,  and  500  ranges  use  the  middle  scale  (0-5) .    The  10-100  ranpe 
use  the  bottom  scale  (0-10).    Do  not  try  to  memorize  these  as  they' 
are  easy  to  figure  out. 


s 


:-rp-i  j  1 1  rrrj 
A.C.  *  D.C. 


SE  FOR 
5  AND  250 

SE  FOR  .5, 

0  AND  500 


(USE  FOR  10 
(AND  IOOO 


Place  either  0-2.5  or  0-5,  or  0-10  in  the  spaces  provided  to 
indicate  the  scale  that  would  be  used  for  each  of  the  range  switch 
settings.    The  first  one  has  already  been  done  for  you. 


Range  Switch  Set  at 
.5 
2.5 
10 
50 
250 
500 
1000 

Answers  to  Frame  17:  1. 


b. 
c. 
d. 
e. 
f. 
8- 


Scale  Used 
0-5 


50V 


2.SV 


500V 


ERIC 
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Frame  19 


In  the  last  frame  you  learned  how  to  choose  the  right  scale  for 
each  range  position.    With  the  RANGE  switch  set  on  50,  the  readings 
are  read  from  the  0-5  scale.    Since  the  meter  can  now  only  read  a 
maximum  of  50,  the  number  5  will  mean  50.    The  A  will  mean  AO,  che 
3  will  mean  30,  and  so  on.    Notice  that  the  changing  of  5  to  50 
resulted  in  the  maximum  number  on  the  scale  matching  the  RANGE 
pvitch  position,  and  the  other  numbers  change  by  the  same  amount 
(multiplied  by  10).    The  way  to  determine  the  value  of  the  maxi- 
mum number  on  the  scale  is:    it  must  be  changed  to  equal  the  range 
switch  position.    Example:    The  range  position  of  250  uses  the  0-2.5 
scale.    The  2.5  will  now  mean  250,  the  2  will  mean  200,  the  1.5  will 
mean  150,  and  so  on. 

For  all  the  exercises  below,  the  POLARITY  switch  is  set  on 
"DC+,"  the  FUNCTION  switch  is  set  on  10  meg  VOLTS.    What  is  the 
voltage  indicated  on  each  of  the  following  scales  for  each  of  the  ^ 
RANGE  switch  positions?    The  first  one  is  completed  for  yqu. 

1.      Use  figure  A. 

a,  50  range  AOV  DC  c.      500  rapge  

b.  1000  range  d.      .5  range    _ 


- — ^9 

Frame  3  9,  (continued) 

2.      Use  figure  B. 

a*      2.5  range   c,      250  range  

b.     ^10  range   d.      .5  range   ) 


4 

^  Fran*  20 

^  The  maxima  value  of  each  scale  Is  determined  by  the  position 

of  the  RANGE  switch.    With  the  RANGE  switch  at  the  10  range,  the 
OnlO  scale  was  read  as  Is,  Max  10.    The  difficulty  In  reading  the 
scale  comes  when  the  needle  stops  on  one  of  the  small  mark'  between 
the  numbers.    To  find  the  value  of  each  mark  on  the  scale,  •'vide 
the  RANGE  switch  position  by  50.    Example:    RANGE  switch  in  A0 
range,  divide  10  by  50  to  get  .2*    Each  marking  on  the  0-10  scale 
is  worth  .2  points  a  piece.    See  figure  A  below.    When  you  start 
at  zero,  you  would  count  tb»  marks,  0,  .2,  .4,  .6,  . 8.  1  -  -  -  - 

.    -  "  0 ,  9.4,  9.6,  9.8,  10 .    You  use  the  same  procedure  to  find 

the  value  of  the  small  mark  for  each  of  the  RANGE  switch  positions. 
The  real ju  we  use  50  as  the  denominator  is  there  are  50  marks  along 
the  AC  &  DC  scale.     Since  the  scale  is  linear  (evenly  spaced  and 
marked),  you  can  use  the  50  as  the  denominator  on  all  range  positions 
and  scales* 


! 


ERIC 
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Frame  20  (continued) 

PROBLEM  1 

Fill  in  -he  blanks  with  the  appropriate  response  for  the  scale 
used  and  the  value  of  each  black  mark  on  the  scale.    The  first  one 
is  accomplished  for  you. 

Range  Switch  Set  At  Scale  Used  Value  of  Each  Mark 

. 5  0-5        _  .01  

2.5  a.      „_„____  b.   

10  c.      ______  d.  

50  e .  f . 


250  g.    h. 

500  i.  ___  j. 

IOC-'  k.  1. 


Answers  to  Fiame  19: 

1.  b.    800V  DC         c.     400V  DC         d.  JW,DC 

2.  a.     IV  DC         b.     4V  DC  C.     100V  DC  d.     . 2V  DC 


29 
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632 

Frame  21 


The  following  exercise  Is  to  insure  your  ability  to  interpret 
meter  indications  in  various  RANGE  switch  position  ,  plus  check 
your  ability  tQ  determine  the  value  of  each  mark  on  the  meter 
scales.    Fill  in  the  correct  answer  in  the  appropriate  space  for 


Answers  to  Frame  20:    a.     0-2,5    b,     .05    c.    0-10    d.  .2 


e*    Oil  Ll    g-    0-2,5    h.    5^    i,    CH5    j.    10    k.  0-10 

1.  20 


30 


■>38 


J33 

Frame  22 

You  now  know  how  to  read  the  scales  and  its  values,  with  the 
range  switch  set  in  any  of  the  ranges.    What  you  have  learned  will 
be  true  even  if  the  meter  is  measuring  AC  or  DC  voltage  or  current. 
In  the  next  few  frames  you  will  learn  hjw  to  set  the  meter  up  to  read 
DC  volts,  AC  volts,  DC  current  and  AC  current.     It  is  important  that 
you  know  the  positions  of  the  three  switches,  so  you  can  tell  wh^t 
the  meter  is  reading.    The  switches  are:    The  POLARITY  switch  to  tell 
if  you  are  measuring  +  or  -  PC  or  AC  volts,  or  current;  the  FUNCTION 
switch  to  tell  if  you  are  measuring  voltage  (VOLTS  position),  resistance 
(OHMS  position),  or  current  (AMPS  position);  the  RANGE  switch  to 
tell  you  the  maximum  value  and  scale  to  be  used  for  the  readings. 

Place  a  checkmark  (/)  beside  the  true  statement(s) . 

 1.      To  measure  OHMS,  the  polarity  switch  would  be  on  either  DC 

position,  the  function  switch  to  OHMS,  and  the  range  switch 
to  appropriate  R  X  position. 

 2.      To  measure  a  30  volt  battery,  the  polarity  switch  would  be 

in  +DC,  the  FUNCTION  switch  tc  VOLTS,  and  the  RANGE  switch 
to  R  X  IK/50  position. 


Answers  to  Frame  21:  2.  1,85  3.  7_.  4  4.  37  5.  185 
6.     370         7.  740 


£3¥ 

Frame  23 


When  you  want  to  read  DC  vol  tape  it  is  important  to  have  the 
meter  set  up  right.    The  FUNCTION  switch  set  to  VOLTS  (in  school, 
10  meg  a  position);  the  POLARITY  switch  set  to  the  polarity  of  the 
voltage  applied  to  the  RED  test  lead;  (Note:    In  most  cases,  this 
will  be  positive  and  the  polarity  switch  will  be  set  at  MDC+".)  the 
RANGE  switch  will  be  set  to  the  value  of  the  voltag^o  be  read,  fcr 
example,  if  the  voltage  to  be  read  is  8  volts  DC,  the  RANGE  switch 
would  be  ,et  at  10     It  is  important  to  keep  in  mind  the  range  switch 
sets  the  maximum  value  the  meter  can  read;  so,  set  the  RANGE  switch 
above  the  value  to  be  read.    When  you  want  to  read  an  unknown  voltage, 

SSi  ""f6  8WltCh  "  the  val™-    ThenTEuTn-  the 

RANGE  switch  to  a  lower  setting  until  the  meter  shows  a  voltage 

value      This  procedure  is  a  good  practice  to  follow,  regardless 
of  what  you  are  measuring. 

Fill  in  the  blanks  with  the  correct  switch  position.  For 
practice,  set  your  meter  up  to  measure  the  voltage  in  problem  number 
one  • 


If  you  knew  that  you  were  going  to  measure  approximately 

120  volts  DC,  the  RANGE  switch  would  be  set  at   , 

the  POLARITY  switch  set  at  DC+  and  the  FUNCTION  switch 
set  at  . 

If  you  didn't  know  the  approximate  value  of  the  voltage 
that^you  were  measuring,  you  would  use  the    range 

A  negative  voltage  polarity  is  applied  to  the  RED  test 
lead,  the  POLARITY  switch  would  be  set  at 


Answers  to  Frame  22:        /    1.        /  2. 
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Frame  24 


When  you  use  a  voltmeter,  you  have  to  be  sure  the  readings  are 
as  true  as  you  can  get  them.    Always  choose  the  RANGE  switch  position 
which  will  cause  the  meter  needle  to  move  as  close  to  a  full  scale 
reading  as  you  can.     For  examole,  you  could  read  2  volts  DC  on  the 
PSM-37  in  front  of  you  by  setting  the  RANGE  switch  on  10  and  read 
the  voltage  value  off  the  bottom  scale  (0-10) .    But,  it  would  be 
better  if  you  set  the  RANGE  switch  to  2.5  and  read  the  voltage  on 
the  top  scale  (0-2.5).     By  doing  this,  you  can  get  more  needle 
deflection  than  if  you  hid  set  the  RANGE  switch  on  10. 

Fill  in  the  blanks  with  the  correct  positions. 

1.  Look  at  the  meter  in  front  of  you.     If  you  were  going  to 
measure  approximately  300V,  you  would  have  to  set  the 
range  switch  at    to  get  the  most  accurate  reading, 

2.  If  you  wanted  to  accurately  measure  30V,  you  would  have  to 
set  the  range  switch  at  _____ 


Answers  to  Frame  23:     1      250^  V0 iLTS. .UP^e&jO  2.     1J0OO  (highest) 

3.  DC- 
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Fraae  25 


1.      Fill  in  the  correct  answers  In  the  appropriate  spaces  for 
the  meter  scales  shown  below.    The  FUNCTION  switch  set  at  VOLTS  (10 
meg  Q),  and  POLARITY  switch  set  at  DC+.    Be  sure  to  indicate  if 
value  is  volts  or  current  and  if  it  is  AC  or  DC. 


a.  .5  

b.  2.5   

c.  10   

d.  50   

e.  25C   

f.  500   

g.  1000   

2.      For  each  of  the  following  voltages,  indicate  on  the  blank, 
the  range  that  should  be  used  to  obtain  the  most  accurate  readings. 

Voltage  Range  Switch  Setting 

a.  .15  

b.  1.5   

c.  15   

d.  150  

e.  750   

Answers  to  Frame  24:     1.     500         2.  50 


rrnTTprr 


2 

4 


Range  Switch  Setting 


Indication 


ERIC 
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Frame  26 

The  way  that  you  read  AC  voltage  is  much  the  same  as  for  reading 
DC  volts.    The  only  change  is  that  you  set  the  POLARITY  switch  to  the 
AC  position.    You  see  that  the  POLARITY  switch  must  be  set  to  match 
the  type  of  voltage  or  current  that  you  will  measure.    Since  AC 
stands  for  alternating  current,  the  meter  leads  have  no  set  polarity 
whil  :  measuring  AC. 

Place  che  correct  answer  in  the  spaces  for  the  following 
exercise.     For  practice,  set  your  meter  up  to  measure  the  voltage 
value  in  problem  number  one. 

1.      To  measure  240  volts  AC,  turn  the  POLARITY  switch  to 
 ,  the  RANGE  switch  to  ,  the  FUNCTION 


switch  to 


and  take  the  readings  from  the  0  to 


scale. 


Use  the  meter  scale  below  to  complete  items  a  and  b.  Use 
your  meter  and  knowledge  to  complete  item  c. 


rrrrrrytT 


a.  Range  switch  at  50. 

b.  Range  switch  at  250. 

c.  Range  switch  at 


V  AC. 


Voltage  indicated 

Voltage  indicated  V  AC. 

Voltage  indicated  5.2V  AC. 


Answers  to  Frame  25:     1.     a.     ^32    b.     1.6    c.     6.4    d.     32    e.  160 
22_£    8-     640    2.     a.    ^_5    b.     2.5    c.     50    d.     2_c0    e.  1000 


:RLC 
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Frame  27 


You  use  the  same  scales  to  read  current  as  you  used  to  read  volts. 
To  measure  DC  mllliamperee  (MA)  set  the  POLARITY  switch  to  the  "DCV, 
set  the  FUNCTION  switch  to  "MA/PULSE  MA",  and  set  t>2  RANCE  switch 
to  the  value  that  you  wish  to  measure* 

The  PSM-37  can  read  up  to  1000  MA  which  is  the  same  as  one  ampere. 
To  change  MA  to  amps,  raove  the  decimal  point  three  places  to  the  left. 
Example:    1000  MA  is  1  amp,  200  MA  is  .2  amp.    To  change  amps  to  MA, 
move  the  decimal  point  three  places  to  the  right;  1  amp  is  1000  MA. 
and  .5  amp  is  500  MA. 


Note:  The  POLARITY  switch  position  is  determined  by  the  polarity 
of  the  current  applied  to  the  RED  test  lead.  Fill  in  the  correct 
answer  in  the  appropriate  space  for  the  fallowing  items. 


1.      FUNCTION  switch  set  at  AMPS,  MA  position. 

a.  RANGE  switch  set  at  1,000.    Current  indication^ is 
 MA  or  amps, 

b.  RANGE  twitch  set  at  500.    Current  indication  is 
 MA  or   amps. 

c.  RANGE  switch  set  at  250.    Current  indication  is 
 MA  or  amps . 


d.      RANGE  switch  set  at  10.    Current  indication  is 
 MA  or  amps. 
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Frame  2  7  (continued) 

2.      Set  your  nettr  up  to  measure  22  MA  DC. 

a.  The  RANGE  switch  setting  is  . 

b.  The  POLARITY  switch  setting  is  _  . 

c.  The  FUNCTION  switch  setting  is   . 


Answers  to  Frame  26: 

1.  AC,  250,  VOLTS,  2.5 

2.  a.    26V  AC         b.    130V  AC 


ierJc 


c.  10 
37 
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Frame  28 


When  you  use  the  PSM-37  as  a  milllameter,  you  will  start  on  the 
highest  range  (1000)  of  the  RANGE  switch  and  work  the  switch  down  to 
the  most  accurate  range.    You  should  always  push  in  on  the  PUSH  TO 
OPEN  and  RESET  button  when  you  change  the  RANGE  switch*    This  will 
cut  *own  the  chance  of  harm  to  the  meter  when  measuring  current.  You 
should  note  that  the  most  accurate  reading  on  the  AC  &  DC  scale  will 
be  made  when  the  needle  moves  as  far  right  cm  the  scale  as  it  can9 
and  still  not  go  past  the  end  of  the  scale. 

Fill  in  the  blanks  below  with  the  most  accurate  range  switch 

position  for  each  of  the  readings  given.  You  may  refer  to  your  PSM-37 
for  a  list  of  the  ranges, 

READINGS  RANGE  READINGS  RANGE 


1.  AO  MA 

2.  400  MA 

3.  A  MA 


4.  225  MA 

5.  11  MA 

6.  600  MA 


Answers  to  Frame  27:    1.    a.    440  MA,  ,44a    b.    220  MA,  .22a 

c     HO  MA,   .J la    d.     4.4^MA,  .0044a      2.    a.    50    b.    DC+    c.    AMPS  MA 
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Frame  29 


The  difference  in  the  way  that  you  set  up  the  meter  for  measuring 
AC  current  rather  than  DC,  is  the  way  you  set  the  POLARITY  switch. 
To  read  AC,  the  POLARITY  switch  is  set  in  the  AC  position. 

Fill  in  the  blanks  with  the  correct  response. 

1.  Using  your  PSM-37,  set  the  controls  up  to  measure  150  MA  AC. 

a.  FUNCTION  switch  position  is   . 

b.  RANGE  switch  position  is  . 

c.  POLARITY  switch  position  is  . 

2.  Using  the  meter  scale  below  and  your  meter,  fill  in  the 
blanks  below  with  either  the  RANGE  switch  position  or  the  indicated 
MA  reading. 

a.  Range  switch  at  1,000.     Current  indication  is   MA. 

b.  Range  switch  at  500.    Current  Ii  iication  Is  MA. 

c.  Range  switch  at      <  Current  indicated  is  110  MA. 

d.  Range  switch  at   .     Current  indicated  is  22  }1A. 


Answers  to  Frame  28:  1.  50  2 .  500  3.  10  4.  250 
5.    50         6.  1,000 
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Frame  30 

This  frame  gives  values  that  are  to  be  measured.    You  will  pzovide 
the  positions  of  the  POLARITY,  FUNCTION,  and  RANGE  switches,  plus  the 
scale  and  the  group  of  digits  that  v-fJl  be  used  to  make  the  proper 
reading.    Record  this  information  on  the  blank  spaces  that  are  pro- 
vided on  the  response  sheet*    You  may  use  your  meter  as  a  reference. 


TO  MEASURE 

1.  230  Volts  AC 

2.  1500  ohms 

3.  225  Volts  DC 

4.  22  MA  DC 

5.  290  Volts  AC 

6.  .A3  Volts  DC 

7.  27,000  ohms 
8*  17  ohms 

9,  980  MA  AC 

10.  1.9  Volts  AC 

11.  P  MA  DC 
12*  6  ohms 


FUNCTION  RANGE         POLARITY    SCALE/ GROUP 

VOLTS  250  AC  AC  &  DC/0-2.5 

  / 

/ 


9 

ERLC 


Answers  to  Frame  29 : 
1.    a.     AMPS-MA    b.     250    c.  AC 
2-     a-     4*0  MA    b.     220  MA    c.     250    d.  50 
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Frame  31 


In  this  frame  you  will  be  givfc.n  one  of  tha  two  meter  faces  shown 
and  the  position  of  tht  polarity,  function,  and  range  switches.  You 
will  be  required  to  provide  the  proper  reading  of  the  meter. 


Meter  f/1. 


9 

ERLC 
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Frame  31  (continued) 

Fill  in  the  blanks  with  the  proper  meter  readings.     Be  sure  to 
use  the  meter  referred  to  for  each  of  the  control  F.ttings.  PLUS, 
indicate  in  your  answer  if  the  value  is  V  DC,  V  AC,   i\  DC,  MA  AC,  or 
Q. 


METER 


FUNCTION  Sw 


RANGE  Sw 


POLARITY  Sw 


NUMBER 

SETTING 

SETTING 

SETTING 

1. 

1 

VOLTS 

50 

DC+ 

2. 

2 

VOLTS 

250 

AC 

3. 

2 

OHMS-STD 

R  X  100 

DC+ 

A. 

1 

VOLTS 

10 

AC 

5. 

2 

VOLTS 

.5 

AC 

6. 

1 

OHMS-STD 

R  X  IK 

DC+ 

7. 

AMPS -MA 

50 

AC 

8. 

VOLTS 

2.5 

AC 

9. 

OHMS -LP 

R  X  J 

DC+ 

10. 

2 

AMPS -MA 

AC 

11. 

2 

OHMS-STD 

R  X  10 

DC+ 

12. 

1 

AMPS -MA 

250 

DC+ 

Answers  to  Frame  30: 

1. 

VOLTS 

250 

AC 

AC  &  DC/0-2.5 

2. 

OHMS-STD             R  X 

100 

DC+ 

OHMS/0-« 

3. 

VOLTS 

250 

DC+ 

AC  &  DC/ 0-2. 5 

4. 

AMPS -MA 

50 

DC+ 

nC  &  DC/C-5 

5. 

V  -LTS 

500 

AC 

AC  &  DC/0-5 

6. 

VOLTS 

.5 

DC+ 

AC  &  DC/0-5 

7. 

OHMS-STD             R  X 

IK 

DC+ 

OHMS/0-oo 

8. 

0HM5-LP 

R  X 

1 

DC+ 

OHMS/0-oo 

9. 

AMPS -MA 

1OO0 

AC 

AC  &  DC/0-10 

10. 

VOLTS 

2.5 

AC 

AC  &  DC/O-2.5 

11. 

AMPS -MA 

10 

DC+ 

AC  &  i  70-1P 

12. 

OHMS -LP 

R  X 

1 

DC+ 

OHMS/0-^ 

PROPER 
READING 

23V  DC 


U2 

5  DO 


Frame  32 

To  this  point,  all  we  have  talked  about  is  how  to  set  the  positions 
of  the  switches  and  how  to  ~ead  the  PSM-37.    We  will  now  discuss  how 
to  use  the  meter  to  test  for  the  value  of  volts,  amps,  and  ohms  in 
a  circuit.     A  circuit  is  a  path  for  current  to  flow.     Before  you  can 
make  the  test,  you  must  learn  about  how  to  determine  the  positive  (+) 
and  negative  '-)  side  of  the  parts  that  are  in  a  direct  current  (DC) 
circuit.     You  must  also  learn  how  to  properly  place  the  meter  in  the 
circuit  to  make  a  circuit  test,     In  your  next  assignment,  you  will 
be  going  to  the  test  lab  and  will  have  to  test  a  circuit  for  volts, 
amps,  and  ohms. 

NO  RESPONSE  REQUIRED. 


Answers  to  Frame  31: 


1. 

23V  DC 

7. 

23  MA  AC 

2. 

190V  AC 

8. 

1.9V  AC 

3. 

?50  P. 

9. 

24  a 

4. 

4.6V  AC 

10. 

7.4  MA  AC 

5. 

.  3/V  AC 

1 

65  0 

6. 

24,000  Q 

115  MA  DC 

If 

you  have  made  any  errors 

(v  the 

last  two 

frame (s)  of  this  PT  where  this  information  was  covered-  If  you  suill 
have  difficulty,  ask  your  instructor  for  assistance. 
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Frame  33 


You  have  learned  that  the  word  direct  means  to  go  one  way  and 
current  means  the  flow  of  electrons.    Join  the  two  words  and  you 
have  direct  current  (DC).    They  mean  a  current  that  flows  in  one 
direction  all  the  time.    Ihc  flow  will  be  f rom^ negative  (-)  to 
positive  (+)_.    Any  time  current  flows  in  a  circuit,  a  voltage  will 
come  across  the  components  of  the  circuit.     The  polarity  of  this 
voltage  drop  can  be  fount,  by  the  way  that  current  flows  through 
the  component.     In  tLe  circuit  below,  note  that  current  is  leaving 
the  negative  post  of  the  battery,  flowing  through  the  circuit  and 
returning  tc  the  positive  post.     As  the  current  goes  in  a  resistor, 
it  will  cause  that  md  of  the  resistor  to  have  a  negative  polarity. 
When  it  leaves  a  resistor  it  leaves  that  end  with  a  positive  polarity. 
This  is  true  in  all  DC  circuits. 

Note:     If  the  power  source  is  not  a  battery,  the  negative  side 
is  sometimes  marked  "-"  or  is  black;  the  positive  side  will 
have  a         or  painted  red. 


Place  the  right  polarity  to  the  components  of  the  two  circuits 
below.    Also,  point  out  with  an  arrow,  the  direction  of  current 
flow  in  the  circuit. 


E3  =  I0V 


E!»6V 


CIRCUIT  A 


CIRCUIT  B 


Answer   to  \  r  arr.e   32:     No  Response  Requiit'd. 


Frame  34 


When  you  test  for  the  voltage  of  a  DC  circuit  you  must  watch 
the  polarity  of  the  voltage  drop  before  you  place  the  test  leads  in 
the  circuit.    Once  you  know  the  polarity,  place  the  black  lead  of 
tne  voltmeter  to  negative  and  the  red  lead  to  positive.    The  meter 
must  be  connected  across  (in  parallel  with)  the  component  being 
measured,  as  shown  in  the  diagram  below.     If  you  place  the  meter  or 
leads  in  some  other  manner,  you  will  have  a  wrong  reao^ng.  Plus, 
it  could  cause  damage  to  the  meter. 

Note:     Another  thing  that  is  important  before  you  test  for  DC 
voltage,  ib  that  you  should  have  your  PSM-37  set  up  for  the 
polarity  value  and  the  type  of  voltage  that  you  will  test. 

£3  *  10V 


E=24V0C 


In  this  manner,  the  voltmeter  is  connected  In  r<*rnllel' 

Sele  t  the  correct  word  and  place  it  in  the  blank  space  to 
complete  statements  one,  two,  and  three.    For  item  fov^r,  fill  in 
the  blanks  with  the  correct  position  of  the  switches. 

1.  When  using  the  PSM-37  as  a  voltmeter,  you  would  connect 
the  meter  in  _    (aeries/parallel)  with  the  voltage 
t)  be  measured. 

2.  If  the  meter  is  connected  in  series  when  making  voltage 
checks,  the  readings  will  be  (accurate/inaccurate). 


3.  To  measure  the  voltage  E3  in  the  circuit  above,  the  red 

lead  will  be  placed  on  the    (right/left)  of  the 

resistor  and  the  black  lead  on  the  (other/same) 

end  of  the  resistor. 

4.  Set  your  PSM-37  to  measure  the  voltage  El  in  the  circuit 
above.    The  range  switch  position  is  _^  f  the 

polarity  switch  position  is   ,  and  the  function 

switch  is  set  at 


ERIC 
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Frame  34  (continued) 
Answers  to  Frame  33: 


Rl 


♦ 

 w» — 

R2 

CIRCUIT  B 
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Sff 

Frame  35 


To  measure  current  flow,  the  reter  must  be  connected  in  series 
in  the  circuit.    When  you  connect  it  in  series  the  same  current  that 
flows  through  the  circuit  is  the  same  that  flows  through  the  PSM-37 . 
Do  not  place  an  ammeter  in  parallel  to  measure  current.     If  you  do, 
the  meter  can  be  damaged  or  the  reading  you  take  will  be  inaccurate 
and  low.    The  circuit  below  shows  you  an  ammeter  that  is  properly 
placed  in  a  DC  circuit. 

+ 

-AAAr- 


AMMETER  <  R2 


J 


Rl 


Identify  the  true  statement(s)  by  placing  a  T  on  the  blank  spaces 
provided . 

1.  The  ammeter  must  be  connected  in  series  with  the  circuit 
component  being  checked* 

2.  To  accurately  measure  current    the  same  current  must  flow 
through  boM  the  meter  and  ^he  circuit  con.ronent  being 
checked. 

3.  If  the  PSM-:?  is  connected  in  parallel  to  measure  current, 
the  readings    >ould  be  inaccurate  and  low. 


Answers  to  Fraire  34  : 

1.     parallel  2.     inaccurate  3.     left,  otht,r         4.     10,  pC+, 

VO  LTS  -10  Me&  r 
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Frame  36 

Study  the  two  diagrams  for  a  few  moments  before  reading  the  rest 
of  this  frame* 


Rl 

"circuit  bm 


To  connect  an  ammeter  in  a  circuit  to  test  current  flow,  the 
circuit  must  be  broken.    Notice  in  circuit  A  that  there  is  a  point 

marked  AB.     In  circuit  B  this  point  has  been  separated  to  form   

points  "A"  and  MB".     Since  point  MA"  is  connected  to  the  plus  (+) 
post  of  the  battery  through  R3»  point  "A"  is  positive  (+) ;  point  "B" 
is  connected  to  the  minur  (-)  post  of  the  battery  through  Rl  and  R2 
sc   it  is  negative  (-) .     Remember,  this  circuit  has  DC  volt3  applied. 
'You  must  observe  the  polarity  of  the  points  to  which  the  meter  is 
connected . 

The  red  test  lead  will  be  connected  to  point  "A"  and  the  black 
test  lead  connected  to  point  MB".     The  circuit  current  now  leaves 
the  minus  side  of  the  battery,  goes  through  Rl,  R2,  in  the  black 
lead,  through  the  meter,  out  the  red  lead,  through  R3  and  back  to 
the  plus  post  of  the  battery. 

Caution:    Turn  power  "off"  to  the  circuit  when  connecting  and 
disconnecting  an  ammeter  in  and  out  of  a  circuit. 


ss/ 

Frame  36  (continued) 


Place  the  correct  answer  in  the  blank  space  provided,  to  complete 
the  following  statement (s) . 

r.      Before  the  PSM-37  can  be  used  to  test  circuit  current,  the 
circuit  must  be  _  and  the  meter  placed  in  _ 

with  the  circuit. 

2.      Set  your  PSM-37  up  to  measure  29  MA  DC. 

The  position  of  the  switches  are: 

a.  Range  switch   . 

b.  Function  switch 


c.      Polarity  switch 


Answers  to  Frame  J  > :    _._T_1.     __T_2.  T  3* 
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Frame  37 


When  you  use  the  FSM-37  to  measure  the  volts  or  amps  in  an  AC 
circuit  it  is  the  same  way  as  for  DC  circuits.    The  one  difference 
is  you  do  not  need  to  observe  polarity  since  AC  means  alternating 
current;  a  current  that  will  first  flow  in  one  direction  and  then 
it  will  flow  in  the  opposite  direction. 

To  use  the  PSM-37  as  an  AC  voltmeter,  you  must  set  the  controls 
up  properly;  plus,  you  must  place  the  meter  in  parallel  with  the 
voltage  that  you  will  test,    ijr  AC  current  measurements  you  must  set 
the  controls  up  properly,  and  you  will  connect  the  meter  in  series 
with  the  circuit. 


1.  You  must  observe  polarity  when  measuring  volts  or  amps 
in  an  AC  circuit. 

2.  An  ammeter  is  connected  in  series  to  measure  voltage  in 
an  AC  circuit. 


Answers  to  Frame  36: 

1.     broken,  series  2.     a.     50    b.     AMPS-MA    c.  DC+ 


Meter  in  PARALLEL  TO 
measure  AC  voltage  drop 


Meter  in  SERIES  to  measure 
AC  current  flow 


Place  a  checkmark  (/)  beside  the  true  statement (s) . 


55t> 


There  is  an  important  safety  precaution  that  you  must  follow 
when  you  use  the  ohmmeter  functions  of  the  PSM-37.    Do  not  hook  an 
ohnmeter  to  a  live  circuit  (one  that  has  power  applied) ;  be  sure  that 
no  power  is  applied  to  the  circuit.    The  parts  in  the  meter  need  very 
little  current  to  work.     Iney  aie  easy  to  damage  if  the  meter  were 
to  be  hooked  to  a  "live"  circuit.     There  is  a  small  battery  in  the 
PSM-37  that  gives  us  the  current  required  to  work  the  meter  in  the 
ohms  function.    Another  important  taing  to  remember  is  that  the  ohra- 
meter  must  be  "zeroed"  before  you  make  your  first  ohms  test.  Think 
back;  tj  zero  the  meter,  first  set  the  ohmmeter  up  for  measuring 
resistance.    Then,  touch  the  two  lead  tips  together.    The  needle 
should  move  to  the  right  and  zero  over  the  "0"  on  the  ohms  scale. 
If  it  does  not,  turn  the  ohms  ADJ  knob  until  it  does.     If  the  needle 
does  not  move  at  all,  press  the  "Push  to  Open  and  Reset"  button.  If 
it  still  will  not  zero,  ask  the  instructor  for  help. 

Place  a  "T"  in  the  space  provided  beside  each  statement  that  is 

true. 

 The  ohnmeter  function  of  the  PSM-37  requires  current  from 

the  circuit  being  checked  to  operate, 

 2.      The  ohmmeter  is  "zeroed"  before  use  to  insure  accuracy. 

 3.      If  the  pointer  cannot  be  adjusted  to  zero  on  the  ohms 

scale,  this  means  that  the  internal  battery  is  weak. 


Answer  to  Frame  37 : 


SSV 

Frame  39 


9 

ERIC 


After  the  ohms  adj  knob  has  been  adjusted,  the  needle  should  stop 
at  n0".    This  means  that  there  is  no  resistance  to  current  flow.  Keep 
in  mind  that  the  meter  lead  tips  must  be  touching  each  other  or  be  in 
contact  with  a  common  conductor.     If  the  needle  stops  to  the  left  of 
"0",  there  is  some  opposition  to  the  flow  of  current.    If  the  needle 
only  moves  part  of  the  way  toward  "0",  there  is  resistance  being 
measured.     If  the  needle  does  not  move  at  all,  a  great  (infinite 
»)  amount  of  opposition  to  the  flow  of  current  is  present.    We  refer 
to  each  of  these  conditions  by  different  terms.    First,  a  "0" 
reading  means  that  there  is  continuity  (no  resistance),  in  the 
circuit.    A  reading  which  will  cause  the  needle  to  move,  but  to 
stop  short  of  "0",  means  that  there  is  resistance  in  the  circuit. 
If  the  needle  does  not  move  at  all,  an  open  circuit  is  indicated, 
or  the  meter  is  at  infinity         and  the  resistance  is  either  too  large 
to  be  measured  on  that  scale,  or  by  that  meter. 

Place  a  MT"  in  the  blank  space  beside  each  true  statement. 

 1,      Continuity  refers  to  the  amount  of  resistance  in  an 

open  circuit. 

 2.      A  resistance  that  is  too  large  to  measure  is  referred 

to  as  infinity. 

 3.      When  the  pointer  is  reading  a  value  other  than  "0",  this 

means  some  resistance  is  present  in  the  component  being 
checked. 

Place  the  correct  response  in  the  space  provided-  / 

)  ■ 

1.      The  component  being  checked  with  an  ohmmeter  mast  b^  ' 
from  the  rest  of  the  circuit.  / 


2.  The  ohmmeter  must  N^VER  be  use!  to  check  the  resistance 
of  a  circuit  that  has    on  it. 

3.  The  manner  in  which  the  ohnmeter  is  connected  to  t^ie 
component  being  checked  is  similar  to  the  way  the  volt- 
meter is  connected;  that  is,  in   . 

4.  S6t  up  your  meter  to  measure  500  ohms  of  resistance.  Place 
trie  position  of  your  switches  in  the  blanks  below. 

a.  Range  m  

b .  Function 


c.  Polarity 


Answers  to  Frame  38:  1.        T    2.        T  3. 
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Frame  40 


The  figure  shows  one  test  lead  ia  placed  to  ore  side  of  the  resistor. 
The  other  lead  is  placed  to  the  other  side  of  the  resistor.    When  you 
make  a  resistance  check  on'a  component  of  a  circuit,  the  component 
nwst  be  isolated  (disconnected)  from  the  rest  of  the  circuit.  This 
can  be  rfone  in  three  ways:    First,  totally  remove  the  resistor  and  test 
it  out  of  the  circuit;  second,  disconnect  one- end  of  the  component  to  be 
tested  from  the  circuit;  third,  is  to  take  out  the  wire  (conductor) 
leading  up  to  one  end  of  the  component  that  you  will  test.    In  all  three 
cases,  the  battery  power  from  the  mete*:  will  only  have  one  path  to  flow 
through;  that  is,  through  the  component  being  tested.     If  you  do  not 
isolate  the  part  being  checked,  your  ohms  reading  will  be  inaccurate. 


Identify  the  true  statement (s)  b>  placing  a  "T"  on  the  blank 
spaces  provided  on  the  response  sheet. 

1 «      The  component  being  checked  with  an  ohnmet   r  does  not  have 
to  be  isolated  from  the  rest  of  the  circuit. 

 2.      The  ohmmeter  must  never  be  used  to  check  the  resistance  of 

a  circuit  that  has  power  on  it. 

 3.      The  manner  in  which  the  ohmmeter  is  connected        f*  com- 
ponent being  checked  is  similar  to  the  way  the  voltmeter  is 
connected . 


Answers  to  Frame  39: 


1. 


T  2. 


T  3. 


!•  Isolated  (or  dlsconnected^jor  removed)  2.  power  (or  voltage) 
3*     parallel  a.     F^X^lOO    b.    OH^l~sJd  DCj^  (or-) 


53  5GJ 


Frame 


41 


If  you  check  a  high  ohms  resistor  on  a  low  R  X  range,  the  needle 
may  not  move  off         mark.    Turn  the  range  switch  up  range  until  the 
needle  stops  in  the  wide  green  area  of  the  OHMS  scale.    Then  take 
the  reading  times  (X)  the  r  nge  switch  position.    This  will  give  you 
the  value  of  the  resistor  under  test.    With  the  range  switch  in  a 
high  R  X  position  and  meter  leads  hooked  to  a  low  ohms  resistor, 
the  needle  may  move  to  "0".     In  this  case,  turn  the  range  switch 
down  range.    When  the  needle  stops  between  the  5  and  60  of  the  ohms 
scale,  take  the  reading.     Multiply  the  reading  times  the  range  posi- 
tion to  get  the  value  of  the  resistor. 

Place  a  "T"  in  the  space  provided  beside  each  true  statement. 

 !•      With  the  ohmmeter  on  R  X  100  and  connected  to  a  10  ohm 

resistor,  the  needle  will  not  move  off  mark. 

 2.      With  the  PSM-37  set  up  on  the  R  X  1  range  and  connected 

to  a  2500  ohms  resistor,  the  needle  will  move  lo  25  on 
the  ohms  scale. 


1 


t 


Answers  to  Frane  AO: 


1.        T    2.        T  3. 
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Fr  »  42 


Ihis  frame  summarizes  the  safety  precautions  that  must  be  observed 
when  u«*ing  the  PSM-37  to  tect  circuits. 

1.  The  PSM-37  should  never  be  handled  carelessly.     Aside  from 
befng  expensive,  it  is  sensitive  and  delicate.     Don't  abuse  ic. 

2.  When  measuring  voltage  and  current,  start  your  check  with 
the  range  switch  set  on  "1000".     Then  move  it  to  a  lower  netting  if 
r  .cessary.     Then  turn  it  to  a  range  higher  than  that  applied  to  the 
circuit  after  making  the  check.     This  way  the  meter  will  be  ready 
for  the  next  check. 

3.  Never  connect  the  ohmmeter  to  a  circuit  that  has  power  on 

it. 

4.  When  used  as  a  voltmeter,  connect  it  in  "narallel"  with  the 
voltage  drop  being  checked. 

5.  When  iLaasuring  DC  voltage  and  current,  be  sure  to  obse/ve 
polar i*."  when  connecting  the  meter  to  the  circuit.     Note  if  the  mete 
needle  mov*~  left  on  the  scale,  either  reverse  meter  leads  on  "he 
circuit  or  j'rn  the  polarity  switch  to  the  other  DC  position. 

6.  When  used  as  an  ammeter,  connect  it  in  "series"  with  the 
portion  of  the  circuit  being  chec1  d. 

7.  Before  connecting  the  meier  to  a  circuit,  make  sure  it  is 
get  up  for  the  values  to  be  measured.  (AC  or  DC  volts  and  amps,  or 
r  hms) 

8*      Periodically  chec!;  the  strength  c^  the  internal  battery. 
Accomplish  thTs  by  zeroing  the  oh^eter  on  each  of  the  range  switch 
settings.     If  It  does  noL  zero  on  all  settings,  the  battery  needs  to 
be  replaced. 

9.       Store  ^he  meter  with  the  switches  in  the  followin3  posi 
tions:    POLARITY  switch  "OFF,"  RANGE  switch  "1000,"  and  FUNCTION 
switch  VOLTS  -  10  meg  ft.     These  positions  give  the  meter  som~  pro- 
tection if  the  next  person  forgets  to  check  the  me^er  before  placing 
it  in  a  circuit. 

Uote.  Pla:e  your  meter  controls  in  the  positions  listed  above 
and  return  it  to  your  ir^tructor  at  this  time.  Do  not  proceed 
with  this  PT  uncil  you  have  done  so. 

NO  RESPONSE  REQUIRED. 


Answer  to  Fr^me  41:  _JL.  2- 
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Frame  A3 


Complete  the  following  statements  by  entering  the  missing  word(s) 
on  the  blank  spaces  provided. 

1.  When  using  the  PSM-37  to  measure  a  voltage  of  34  volts  Df% 
you  will  set  the  function  selector  to  the  (ay 

position,  the  range  switch  to  the  (b)    position, 

and  the  polarity  switch  to  the  (c)  position. 

The  reading  will  be  taken  from  the  0  to  (d)   

scale . 

2.  When  using  the  PSM-37  to  measure  .008  amps  DC,  you  will 

move  the  function  switch  to  (a)    _  ,  polarity  switch 

to  (b)  ,  and  range  switch  to  (c)  . 

The  reading  will  be  taken  from  the  0  to  (d)  scale. 


3.  When  measuring  210  volts  AC,  you  will  move  the  function 

switch  to  the  (a)    position,  polarity  switch  to 

(b)  ,  and  range  switch  to  (c)  .  Your 

readings  will  be  taken  frc-u  the  0  to  (d)  scale. 

4.  When  using  the  PSM-37  as  an  ohmmeter  you  will  take  the 

readings  from  the  (a)   (color)  scale.     The  function 

swicch  must  be  ret  to  the  (b)    position  when 

making  resistance  checks.     Now  assume  you  are  checking  a 
resistor;  you  have  the  range  switch  set  to  R  X  IK  and  the 
pointer  stops  at  21  on  the  OHMS  scale.     The  reading  of  21 

is  multiplied  by  (c)  >  and  the  value  of  the 

resistor  is  (d)   ohms  . 

Place  a  MTn  in  the  blank  space  beside  each  true  statement. 

5»      The  ohtnmeter  readings  will  be  nst  accurate  when  the  readings 
are  taken  when  the  pointer  is  stopped  in  the  wide  green  area 
of  the  ohms  scale. 

C.      When  measuring  voltage,  the  meter  must  be  connected  in  series 
with  the  component  being  checked* 

7.       If  the  ohmmeter  is  not  "zeroed"  properly,  you  will  get 
inaccurate  readings ♦ 

8»  A  DC  ammeter  must  be  connected  in  series  wiiih  re  component 
being  checked  and  you  must  observe  polarity  when  connecting 
the  leads. 


S6 
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Frciine  43  (continued) 


Match  the  items  in  the  right-hand  column  to  their  correct  statement 
in  the  left-hand  column.     Enter  your  letter  answers  in  the  space  provided. 


 9. 

An  indication  of  ^erc 

A. 

Black  test  lead 

ohms . 

B  . 

Press  to  Open  and 

10. 

Determine  whether  the  meter 

Reset  Button 

measures  ohms ,  volts  or 

mi  Hi  amps  . 

C. 

Continuity 

 11. 

Is  always  connected  to  the 

D , 

PSM-37 

positive  point  of  a  DC 

circuit. 

E. 

Red  test  lead 

 12. 

An  immeasurably  large 

F. 

Range  switch 

resistance. 

C 

Externa]  switch 

 13, 

Provides  current   in  the 

ohrus  function  only. 

H. 

Function  switch 

14, 

Used  to  make  the  pointer 

I. 

Interna]  battery 

ot   the  ohmmeter  read 

exactly  "0". 

J. 

Infinity 

 IS. 

Used  to  measure  AC  and  DC 

K. 

Ohms  Adj  knob 

current  and  voltage,  plus 

resistance. 

Red  indicator 

 16. 

Is  always  connected  to  the 

negative  point  of  the 

ci  rcuir . 

 17. 

Determines  the  meters 

auixiiaurr.  voltages  and 

current  or  multiplier 

for  resistance  readings. 

18.       Protects  the  meter  from 
overload  and  can  be  us^d 
to  break  the   input  circuit- 
to  the  meter. 


ERLC 
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Frame  43  (continued) 


19.      The  function  switch  is  set  on  VOLTS  ^nd  the  polarity  switch 
is  on  AC,    Use  the  meter  face  below  to  obtain  the  readings 
tor  the  range  switch  positions  given  in  the  chart  below 
the  meter  face. 


*AN*I  SW.  -» 

.5 

10 

00 

250 

HEAOKiS 

20.      The  function  switch  is  set  to  AMPS-MA  and  the  polarity 

switch  is  set  to  DOK     Use  the  meter  face  below  to  obtain 
the  readings  for  the  range  switch  position  given  in  the 
rhart  below  the  meter  \  ace . 


READINGS 

T — l«r 

I  . 


1000  ~J 

j.  ...  500 

'  "J 

erJc 
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Frame  43  (continued) 

The  function  switch  is  ?et  to  ohms  and  the  polarity  switch 
to  DC+.     Uje  the  meter  face  belcv  to  obtain  the  readings 
for  the  range  switch  positions  given  in  the  chart  below  tie 
meter  face.     Enter  pointer  A  readings  in  line  one  and  pointer 
B  in  line  two, 

i 


21. 


*AN6£  SW  — ► 

ax  io 

RXtOOK 

POINTER  "A" 

pointm"!" 

22,  Using  the  illustration  of  the  complete  PSM-3"7  meter  on 

the  next  page,  mat       the  names  of  t»*e  controls  '    *  scales  in  Column  A 

with  the  letter  that  corresponds  ~o  that  item      om  the  illustration. 
Place  your  latter  answers  in  the  space  provide   in  Column  B. 

Column  A  Column  B 

a.  Overload 

b.  Polarity  switch 

c.  Function  swit.h 

d.  Ohrr,^  -  Adj 

e.  OhauS  (Green) 

f.  AC  &  DC 

g.  Push   to  Op*-n  and  Re^t  4. 

h.  Test  Ja. 

i.  Ranee  switch 


er|c 


Frame  43  (continued) 


Answers  to  Frame  43: 

1.  (A)  Volts  3.       U'*  Volts 

(B)  50  (B)  AC 

(C)  0C+  (C)     2  50 

(D)  5  (D)  2.5 

2.  (A)  AMPS-MA  (A)  Green 

(B)  DC+  (B)  Ohms 

(C)  10  (C)  1000 

(D)  10  (D)  21,000 

5.  T  7.  T 

6.  F  3.  T 
9..     C  14,  K 

10.  H  15.  D 

11.  E  16.  A 

12.  J  17.  F 

13.  1  18.  B 


.5 

!0 

50 

250 

28  VAC 

5. 6  VAC 

28VDC 

140  VAC 

2.5 

10 

500 

!000 

S.7MA  DC 

6.8MA  DC 

340  MA  DC 

680  MA  DC 

RXIO 

RXIK 

RXJQOK 

1  170 

17,000 

1,700,000 

75  1 

7500 

750,000 

61 


f6V 

Answers  to  Frame  43  (continued) : 


22.    a.      I  f.  B 


* 

b.      G  g.  H 


c.  D  h.  E 

d.  C  i.  F 


If  you  missed  any  of  these  items,  turn  to  the  part(s)  of  this  . 
PT  which  covered  the  item  tested.  If  you  still  do  not  fully  under-  * 
stand  that  item,  ask  your  instructor  for  assistance. 
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Designed  for  ATC  Couise  Use, 
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S  ^  1 


Eoviron»ental  Pneudraulics  Branch. 

Oumut.  All,  Ulinoi.  3ABR42331-WB-112 

PSM-37  MULTIMETER  PERFORMANCE 

OBJECTIVES 

Uaing  a  multimeter,  voltage  and  reaiative  console,  meaaure  and 
actual  value, rMi'tiVe  Valu"  wit^  +  or  -  l«~ 

EQUIPMENT 

AN/PSM-37  ?f 18  of  l38Ue 

Multimeter  Tracer,  P/N  18-70-^104  1/JS32 

PROCEDURE 

1.  REMOVE  ALL  JEWELRY. 

2.  Proceed  to  the  lab  where  the  trainer  is  located, 
stated.      FOll°W  >T°iect*  "cording  to  the  instructions  as 

4.      Insure  the  instructor  has  connected  power  to  the  trainer. 

hr..J '  ,  WhWX  y°U  l68Ve  your  trainer  scheduled  or  unscheduled 
breaks,  insure  the  following  has  been  done  before  you  gQ*Cne<lxl^d 

a.  Place  your  power  switch  to  the  OFF  position. 

b.  Secure  your  meter  at  this  time. 

set  for  storage!"  ^  C°ntr°l8  °C  the  Mter  are  Pr°P«ly 

(2)  Leave  the  test  leads  attached  to  the  meter. 

(3)  Wrsp  the  leads  around  the  instrument. 

(4)  place  rhe  meter  on  the  locker  shelf. 

c.  Whea  you  return  from  the  break    fata  m«»  »  

and  go  back  to  work.  »  take  the  Saffle  *  ter 


DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  TTVSi  -  i 
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Hotei    In  the  first  projects,  you  will  be  doing  practice  problem* 
on  taking  voltage  end  reelstence  readings.    At  the  end  of  the 
practice  problems  a  progress  check  will  be  made  on  which  you 
will  be  given  an  S  or  U.    If  you  have  any  questions  after  com- 
pleting the  practice  problems,  please  ask  your  instructor  before 
starting  the  progress  check. 

Project  1 

INSTRUCTIONS 

With  the  multimeter  function  switch  set  for  voltage  and  the 
polarity  switch  set  for  DC  +,  read  and  record  the  voltage  for  each 
checkpoint  listed,  in  the  spaces  provided. 

Note:    If  at  any  time  during  the  following  projects  and  progress 
check,  your  meter  needle  floats  and/or  fluctuates,  see  your 
Instructor  for  advice,  if  needed. 

Step  1.    Shown  in  figure  1  is  an  example  of  how  your  rater  leads 
should  be  connected  to  the  circuits  being  checked.    Note  that  the 

black  meter  lead  is  connected  to  the  point  marked  .    The  red 

lead  is  connected  at  each  point  being  checked.    In  the  figure  also 
note  that  the  red  lead  is  connected  to  Point  "A"  of  the  DC  voltage 
panel.    To  take  further  readings,  simply  move  the  red  lead  to  the 
points  to  be  checked  (a-d) .    Go  NO  FURTHER  than  D. 

Note:    Be  sure  to  set  the  multiueter  to  the  hignest  range  when 
checking  for  unknown  voltages.    Then  work  (turn)  the  range 
selector  switch  down. 

Make  sure  you  complete  the  following  steps  for  each  voltage 
problem. 

1.  Set  the  range  switch  co  10C0     n  -  ,  .*  %  red  lead  to  check- 
point . 

2.  Use  the  correct  scale  on  the  met^\  .  i    utt*rmine  if  the 
voltage  is  below  500V. 

3.  If  it  is,  turn  the  ran;  *  seJ^ctor  to  500.    If  net,  leave 
the  range  switch  on  1000  and  take  a  i<  idlng. 

4.  If  you  curned  it  down  to  the  500  range,  determine  if  the 
voltage  is  less  than  250V.    I*  It  is,  turn  the  range  switch  down. 
If  not    take  a  reading. 

5.  Proceed  in  this  manner  for  each  range  until  you  find  the 
lowest  possible  setting.    Make  sure  you  do  not  turn  the  range  switch 
co  a  setting  that  is  lower  than  the  amount  of  voltage  you  are 
measuring . 


5  Rot—    if  you  do  act  disconnect  tho  cut  leads  from  the  live 

circuit  whan  changing  tho  "range"  avitch  you  must  puah  in  on 
the   puah  to  open  and  reaet"  button  during  range  awltch  movement 

If  the  meter  pega  out  to  the  extreme  right,  immediately  reaove 
your  red  lead  and  turn  the  range  to  a  higher  eat ting. 

Step_2.    Locate  the  "POWER  PANEL"  and  turn  the  "ON  and  OFF" 
twitch  to  the  "ON"  poaltion.    The  red  power  light  ehould  glow  when 
the  trainer  power  ie  on.    If  the  light  faila  to  come  on,  notify 
the  instructor. 

Step_3.  Using  the  multimeter,  aet  your  meter  for  DC  voltage, 
then  reed  and  record  the  voltagea  for  points  "A"  through  "D"  only. 
Be  sure  that  you  have  the  black  meter  lead  inaerted  into  the  ground 

— |j|  checkpoint. 
PRACTICE  PROBLEMS 

DC, CHECKPOINTS  VOITAGE  READINGS 

A*   volts 

B-   volts 

C-   volts 

D-   volts 

Upon  completion  of  this  project,  see  your  instructor  if  you 
have  any  questions,  also  have  the  instructor  check  your  answers 
for  «ccuracy. 

Have  the  instructor  initial  below  before  you  progress. 
Instructor's  Initials 


Figure  1. 
Project  2 

INSTRUCTIONS 

^  Vith  the  multimeter  function  switch  set  for  voltage  and  the 
polarity  switch  set  for  AC,  read  and  record  the  voltage  for  each 
checkpoint  listed,  in  the  spaces  pre  ded. 

Note:    If  at  any  time  during  the  following  projects  and  progress 
check,  your  meter  needle  floats  and/or  fluctuates,  see  your 
instructor  for  advice,  if  aeeded. 

Step  1.    Connect  the  multimeter  leads  the  same  as  you  did  when 
taking  the  DC  voltage  readings  on  the  DC  panel.    Remember,  set  your 
meter  high  and  work  down  for  unknown  voltages.    Be  sure  that  you 
have  the  black  meter  lead  inserted  into  the  ground  checkpoint. 

bcep2.    Read  and  record  the  AC  voltages  for  checkpoints  MAM 

through  'V'. 

\ 

i 

\ 


5 
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PlACTId  PBOBUMB 


1C  CHECKPOINTS                                                VOLTAGE  READINGS 
J'   _volta 


C. 


VOltA 


D#   m  volts 

Upon  completion  of  this  project,  see  your  instructor  if  you 
have  any  questions,  also  have  the  instructor  check  your  answers 
for  accuracy. 

Hive  the  instructor  initial  below  before  you  progress. 

Instructor's  Initials   

Proj  ect  3 

INSTRUCTIONS 

Note:    Turn  the  trainer  power  switch  "OFF". 

Using  Ohms  portion  of  your  multimeter,  read  and  record  the 
resistance  for  the  resistors  listed.    Th*  resistors  are  located  on 
the  right  side  cf  the  meter.    Place  the  polarity  switch  to  +  DC 
and  the  function  switch  no  ohms.    To  take  readings  just  place  the 
black-lead  at  one  end  of  the  resistor  and  the  red  lead  at  the 
other  end  of  the  resistor.    When  us'  g  OHMS  only,  there  is  no 
♦  or  -  end  of  a  resistor. 

PRACTICE  PROBLEMS 

RESISTOR  CHECKPOINTS  RESISTANCE  READINGS 


1. 

1 

to 

2 

2. 

3 

to 

4 

3. 

5 

to 

6 

4. 

7 

to 

8 

5. 

9 

to 

1C 

6. 

11 

to 

12 

7. 

13 

to 

14 

8. 

15 

to 

16 

9. 

17 

to 

18 

10. 

19 

to 

20 

ohms 


ohms 


chms 


ohms 


chms 


ohms 


ohms 


ohms 


ohms 


ohms 


«  you  nave  any  questiona  on  how  to  uae  the  ohme  portiona  of 
ur  aultl^ter.  pleaae  be  sure  to  aak  the  inatructor  at  th£\SL 
lo]llt        no  queationa,  continue  on  with  the  reminder  of  thia 


Figure  2. 

Position  the  rheostat  on  the  t  •  ainer  on  the  right  side  of  the 
n°te  piD  f8T  2'  A  ChrU  K)«  t0  the  checkpoints 
s^ceTprovitl'    ^  ^  reSi8taDCe  ^  in  ^ 

PRACTICE  PROBLEMS 

RHEOSTAT  CHECKPOINTS  RESISTANCE  RgADDfGS 

B. 

ohms 

E. 

 ohms 

G. 

 _  ohms 

I. 

 ohms 

K. 

.  -  — .  ohms 

C«  -j  \ 

 ohms 


-„v    "P0"  COBPletion  °f  thlt  project,  see  your  instructor  If  you  heve 
-V  quMtlou,  .1.0  have  the  instructor  check  your  .never,  for  .curacy. 

H«ve  the  Instructor  initial  below  before  you  progre... 

Instructor' s  Initials   

Project  4 

INSTRUCTIONS 

The  trainer  has  six  (6)  different  test  circuits.    Usina  the 
J^Tir  leani  "  id6ntify  Wfa-th"  *  circuUlnLtod, 

Note:    Insure  the  power  is  turned  OFF  when  using  the  ohmmeter. 

SteP  )•    Conn«ct  the  ohm.  portion  of  the  multimeter  .rro.s  the 
top  test  circuit.    This  circuit  is  identified  by  checkpoints  A  to  B 

located  juat  to  the  left  of  the  POWER  PANEL. 

SteP  2-    ^ve  the  test  switch  in  circuit  #1  to  the  UP  on«<n«„ 
Note  that  the  multimeter  indicates  a  "0"  (zero)  ohl  reaLg! 
"ading  indicates  one  or  two  things:  "*aing.  This 

1.      IF  the  circuit  being  checked  DOES  NOT  contain  a  resistor 

2;      IF  S*  circuit  bein8  tested  DOES  contain  a  resistor,  then 
the  meter  reading  of  zero  ohms  ,»uld  indicate  that  the  circuit  in 
question  is  SHORTED.  circuit  In 

Note:    Simply  a  resistor  must  indicate  a  certain  resistance  value 
This  value  should  be  greater  than  zero  ohms  and  less  than 
\     m    )  Infinity. 

note  fe2-1;  Ce!5  8Wltch  t0  <*e  DOWN  position  and  again 

Re^embir!6  8'    ^  Mter  should  ideate  infinity  (    .  ). 

1.      When  reading  a  straight,  continuous  piece  of  wire  the 
meter  should  read  zero  ohms.  *  the 

indirtl     When/eadin«  *  resistor  in  a  wire,  the  meter  should 
Indicate  a  resistive  value. 


578 
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Note:    IP  the  meter  reads  infinity,  this  indicates  thet  the 
circuit  is  OPEN  (broken),    if  it  is  OPEN,  you  no  longer  neve 
e  completed  path  through  the  circuit  for  electron  flow. 

Step_4.  Move  the  test  switch  beck  end  forth  until  you  sre  sure 
you  csn  propet^y  identify  e  shorted  or  opened  circuit.  Keep  in  mind 
taat  you  are  usflfc  the  switch  as  a  resistor. 

Step__5.    If  you  heve  any  questions  about  OPENS,  SHORTS,  or  a 
GOOD  circuit,  ask  your  instructor  at  this  time.    If  you  do  not  heve 
eny  questions,  continue  end  check  the  remaining  five  test  circuits 
and  determine  if  each  circuit  is  GOOD,  OPEN  or  SHORTED,  and  then 
write  either  GOOD,  OPEN,  or  SHORTED  in  the  blanks  below. 

PRACTICE  PROBLEMS 

CIRCUIT  NUMBER  CHECKPOINTS  INDICATION 

2  C  to  D 

3  E  to  F 


*  G  to  H 

4  H  to  I 

5  J  to  K 


Upon  completion  of  this  project,  see  your  instructor  if  you 
have  any  questions,  also  have  the  instructor  check  your  answers  for 
accuracy . 

Have  the  instructor  initial  below  before  you  progress. 
Instructor's  Initials 


This  completes  the  multimeter  practice  projects.    Insure  that 
the  trainer  power  switch  is  in  the  OFF  position.  ' 

Turn  this  workbook  in  to  your  instructor  for  your  progress 
check  assignment.  _ 

PROGRESS  CHECK  INSTRUCTIONS 

This  progress  check  will  require  you  to  measure  and  record 
electrical  and  resistive  values  within  +  or  -  102  of  the  actual 
values.    This  should  be  accomplished  in  much  the  same  manner  as 
the  practice  problems.    The  instructor  will  initial  your  work 
after  you  have  satisfactorily  completed  the  progress  check. 
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PROGRESS  CHECK 


Student  Nam* 
Instructor's  Initials 


Dste 


Tsks  th«  following  resistance  readings: 


21  to  22 

23  to  24 

25  to  26 

27  to  28 

29  to  30 

31  to  32 

33  to  34 

35  to  36 

37  to  38 

39  to  40 


ohms 
ohms 
ohms 
ohms 
ohms 
ohms 
ohms 
ohms 
ohms 

j 

ohms 


f 


Take  the  following  voltage  readings: 
DC 

E.   volts 

F.   volts 

G.   volts 

H.   volts 

I.   volts 

J,   .volts 


Rheostat 
A. 


C. 
D. 

H. 
J. 


AC 
E. 
F. 
G. 
H. 

la 
J. 


ohms 
ohms 
ohms 
ohms 
ohms 
ohms 


volts 
volts 
volts 
volts 
volts 
volts 


Upon  completion  of  this  progress  check,  see  your  instructor  to 
have  your  answers  checked  for  accuracy. 
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FOREWORD 

This  programed  text  vu  prepared  for  use  in  Course  3ABR42&1, 
Aircraft  Environmental  Mechanic.    The  material 4  contained  herein  has 
been  validated  with  students  from  the  subject  course.    Ninety  percent 
of  the  students  achieved  the  objective       stated.    Average  time  to 
complete  this  text  was  2  hours.  * 

OBJECTIVE 

Using  Klrchhoff vs  current  lay,  solve  for  unknown  values  In  basic 1 
electrical  circuits.    A  TTrtnliwim  of  eight  out  of  the  ten  .unknown  must 
be  correct.   . 

w  INSTRUCTIONS 

This  PT  preeents  Information  In  small  steps  called  "frames." 
,  Carefully  study  the  written  materia^  and/or  diagram  in  each  frame 
qatil  you  are  satisfied  that  you  understand' its  contents.    Each  frame 
requires  you  to  respond  to  the  information  in  some  way.    For  example, 
you  may  be  required  to  solve  for  unknowns  in  circuits.  Specific 
Instructions,  are  provided  in  each  frame.    After  you  have  made  your 
response  on  the  response  sheet,  compare  your  answers  with  the  answers 
given  on  the  top  of  th{  next  page,    if  you  are  correct ,  go  on  to  th£ 
next  frame.    If  you  are  incorrect,  study  the  ffame  agpin  and  correct 
your  mistakes  before  continuing r    Read  carefully,  select  the  correct 
answers  end  00  NOT  HORRY.    DO  NOT  MARK  IN  THE  TEXT! 


V. 
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Fran*  1 

Kirchhoff's  current  law  Is  stated  as  follows;    The  sum  of  the 
currants  that  flow  into  any  1 unction  of  conductors  is  equal  to  the 
sum  of  the  currents  that  flow  awav  from  that  junction.    In  order  to 
Vr  *Pply  this  law,  you  must  understand  what  we  mean  by  a  junction  of 
conductors.  ,  A  junction  is  the  point  where  two  or  more  conductors 
are  joined  together    In  the  figure  shown,  we  have  identified  junctions 
af  points, A,  B,  and  C. 

There  ia  one  path  for  current  to  flow  info  junction  C  and  two 
paths  for  current  to«flcw  out  of  junction  C.  'The  arrows  are  indicating 
the  direction  of  current^ flow  in  the  circuit.    There  are  two  paths  for 
-  current  to  flow  into  J  and  one  path  for  current  to  flow  out  of  B. 
There  is  one  path  for  current  to  flow  into  junction  A  and  one  path  for 
current  to  leave  A.  * 


For  each  of  the  junctions  lettered  in  tfce  circuits  below*  indicate 
how  many  paths  are  leading  into  .the  junct legend  how  many  are  leaving. 
Regember,  current  flows  from  a  negative  potential  to  a  positive 
potential^   The  short  line  of  the  battery  symbol  represents  the 
negative  terminal.    Put  your  answer  on  the  appropriate  blank  on  the 
response  sheet. 


1. 


2. 


I 


h 


a.      How  many  path*  leading 
Into  A? 


a.  How  many  paths  leading 
Into  B? 


b.      How  many  paths  leaving 

A? 


How  many  paths  leaving 
B? 


3 
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4. 


1 


a.     How  many  paths  leading 
into  C?   


a.     How  sicuy  paths  leading 
Into  D? 


b.     How  many  paths  leaving 
C? 


b.     How  many  paths  leaving 

D? 


r?? 

Anew*:*  to  Frame  1:    la,     1        2a.      2        3a,     1        4a.  3 

b*      2  1  b.      1  b.  1 


Frame  2 

Nov  that  you  underatand  hem  to  detarmlna  how  many  paths  ara  leading 
Into  a  junction  and  how  many  ara  leaving,  you  ara  ready  to  learn  how  to 
apply  Klrchhoff 'a  currant  law  In  eolving  for  unknown  currants  in  a 
circuit;    Fir at,  we'll  raatata  tha  law:    the  sum  of  the  currents  flowing 
into  a  junction  of  oonductora  ia  equal  to  the  aum  of  the  currents  flowing 
away  from  that  junction.    To  demonstrate  hqw  to  apply  this  law  we  will 
use  the  circuit  ahown  below.    In  tha  circuit  below  ve  naed  to  find  the 
amount  of  currant  flowing  through  Rl.    Applying  Kirchhoff fa  current  law 
to  junction  A,  ve  have  the  aum  of  the  currents  flowing  into  A,       +  I3  - 

5a.    Thus,  we  must  have  5a  leaving  A.    Therefore,  I-  »  5a, 


R2 


•  I  l  • 

Determine  the  unknown  current  in  each  of  the  circuits  below.  Put 
your  answers  on  the  appropriate  blank  on  the  response  sheet. 


ERiC 


• 


5*o 

Answers  to  Frame  2:    1.    6a     2,  2a 
Frame  3 

In  thia  frame  you  will  aee  that  Kirchhoff fs  current  lav  is  valid 
in  an  actual  circuit. 

**» 

Since  there  ia  only  one  path-  for^ current  flow,  it  must  be  the  same 
at  any  point  in  the  r  rcuit.    Let's  Aee  why.    In  the  circuit  below  we 
want  to  find  the  valuta  of        1^  dad  There  are  2  amps  flowing 

into  Uaing  Kirchhoff fe  ctir^ent  law  we  have  2  amps  leavi  g 

junction  C.    Since  there  ia  only  one  path  leaving  junction  Ct  the 
current  through  R2,  I2»  oust  also  be  2  amps.    Thus,  we  have  2  amps 

flowing  Into  junction  B.    Since  * there .  ia  only  one  path  leaving  B,  I,  - 

2a.    Singe  there  are  ?.  amps  flowing  into  junction  A  and  there  ia  only 
one  path  1  saving  junction  A,  1^  must  also  be  2  amps.    Fill  in  2a  for 

1  It,  1^,  and  I2  in  the  circuit  below.  -N 


Uaing  Klrchhoff 'a  current  law,  solve  for  the  unknown  currents  in 
each  of  the  following  circuits.    Put  your  answers  on  the  appropriate 
blank  on  the  response  sheet. 


5J>7; 


ERIC 
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Answers  to  Frame  3:    1.    3a     2.  4a 


Frame  4 


In  the  last  frames  you  aav  that  Klrchhoff fs  current  law  la  valid 
in  an  actual  circuit.    The  remainder  of  thla  lesson  is  going  to  give 
you  practice  applying  Klrchhoff fs  current  lav  to  various  circuits. 
First,  we'll  give  one  more  exvpl*  problem  that  is  worked  out  step- 
by-etep.    Since  I   -  6a  in  the  circuit  below,  there  are  6  amps  flowing 

into  junction  1.    Applying  Klrchhoff fs  current  law  we  have  6  amps 
leaving  junction  1.    Since  there  are  2  amps  flowing  up  through  R2> 

there  must  be  4  amps  flowing  into  junction  2.    Thus,  there  must  be  4 
amps  leaving  junction  2.    Since  there  is  1  amp  flowing  up  through  R^, 

there  must  be  3  amps  flowing  into  R$.    Thus,  I$  -  3a.    Fill  in  3a  for 

ly    Next  we  want  to  find  the  value  of  1^.    Since  there  are  2  amps 

leaving  R2>  there  must  be  2  amps  flowing  into  R^,    Thus,  1^  -  2a. 

Fill  in  2a  for  1^ 


V— ' 


NO  FURTHER  RESPONSE  REQUIRED,  PROCEED  TO  THE  NLi  '  FRAME. 


7  5S7 


Frame  5 

Using  Kirchhoff'a  currant  Jaw,  analyze  the  circuits  below  to 
determine  the  unknown  current  in  each  circuit.    Put  your  answers  on 
the  appropriate  blank  on  the  response  sheet. 


1. 


✓VWW_  > VSp  *  y*V\  -WW*. 


J^a       T2^a  X3-6i 


I 


.L 


2. 


I 


1 

I         1  i 


3. 


I 


j  rt3  a 


5. 


£ 
I 


Tt*6a 


irs  to  Fran*  5:    1.    6a   2.    4a    3.    6a   4.    2a   5.  5a 

Frame  6 


Using  Kirchhoff •«  currant  law,  analyse  the  circuits  below  to 
determine  the  unknown  current  In  each  circuit.    Put  your  answers  on 
the  appropriate  blank  on  the  response  sheet, 

1. 


r 


9 

583 


6 


m 

Answers  to  Frame  6:    1.    2a    2.    5a    3.    5a    4.    8a    5.  5a 
Fraaa  7 

Fill  la  the  meter  readings  for  the  circuit  below  on  the  response 
sheet.    Asneter  Al  has  been  done  for  you. 


1. 


i—4-rO-rO- 


  lt=70a 


6 


20a 


9 


Fill  In  the  asmeter  readings  In  the  circuit  below. 

V 
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FOREWORD 

This  programmed  text  was  prepared  for  use  in  Course  3ABR42331, 
Aircraft  Environmental  System  Mechanic.    The  material  contained  herein 
has  been  validated  with  students  from  the  subject  course.    Ninety  percent 
of  the  students  achieved  the  objective  criteria  as  stated  or  surpassed  it. 
Average  time  to  complete  this  text  was  130  minutes. 

OBJECTIVE 

Using  schematic  diagrams  and  Kirchhoff 's  voltage  law,  solve  for 
unknown  voltage  values  in  8  out  of  10  electrical  circuits.  -i  " 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames. "    Carefully  study wthe  Written  material  and  or  diagram  in  each 
fvaio*  until  you  are  satisfied  that^you  understand  its  contents*  Each 
frame*  requires  you  to  respond  to  the  information  in  some  way.  For 
example,  you  may  We  required  to  solve  for  unknowns  in  circuits.  Specific 
instructions  ire  provided  in  each  frame.    After  you  have  made  your  response 
on  the  response  sheet,  compare  your  answers  with  the  answers  given  on  the 
top       the  next  pageof  the  text*    If  you  are  correct,  go  on  to  the  next 
frame ^.'if  you  are  incorrect,  study  the  frame  again  and  correct  your 
mistakes  before  continuing.    Read  carefully,  select  the  correct  answers 
and  DO  NOT  itUSRY.    DO  NOT  MARK  IN  THE  TEXT. 

r 

INTRODUCTION 

^In  your  last  lesson  you  learned  how  to  apply  Kirchhoff 's  current  law 
in  solving  for  unknowns  in  a  circuit.    This  lesson  is  designed  to  fakiliar- 
ize  you  with  Kirchhoff 's  voltage  law  and  to  show  how  to  apply  it  to  actual 
circuits . 


( 
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Frame  1 

Kirchhoft's  voltage  law  is  statad  as  follows:    Tha  sum  of  tha  voltage 
.drops  around  any  closed  path  is  equal  to  the  totfil  voltage  applied  to  that 
path*    In  order  to  use  this  law  you  must  undsrstafrd-^what  is  meant  bv  a 
closed  path*    To  explain  this  we  will  use  the  examples  shown  below. 
Example  A  has  just  one  closed  path.    It  is  point  A-B-C-D.    In  example  B 
there  *re  two  closed  paths.    One  path  is  point  A-B-E-F.    The  other  path 
goes  from,  point  A-B-OD-E-F .    Trace  these  two  paths  in  example  B  to  be 
sure  that  you  understand  that  there  are  two  closed  paths. 


o  A 


A. 


B. 


For  each  of  the  following  circuits  indicate  in  the  blanks  provided 
how  many  closed  paths  each  circuit  has. 


1.      How  many  paths? 


2.      Hcv  many  paths? 


3*      How  many  paths? 


<i — wv 


I 


ERIC 
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Answers  to  Fran*  1:    1.       1        2.       3        3.  3 


Prams  2 

# 

Now  that  you  know  how  to  determine  the  closed  paths  in  a  circuit, 
we  v:ULl  show  you  hc*t  to  use  Kirchhoff 's  voltage  law  to  determine  unknown 
voltages.    First,  we'll  restate  Kirchhoffs  voltage  law.    The  sum  of  the 
voltage  drops  around  any  closed  path  la  equal  to  the  total  voltage 
applied  to  that  path*    To  show  this  we  will  use  the  circuit  shown  below . 
This  figure  has  two  paths.   Let's  first  use  the  path:    A-B-C-D-E . 

Adding  up  the  voltage  drops  in  this  path  we  have,  E^  +      +  E1  -  6V  + 

SV  +  10V  -  21V.  Kirchhoffs  voltage  law  states  that  the  sum  of  the 
drops  around  any  closed  path  is  equal  to  the  total  voltage  applied* 
Thus,  Et  *  21V.    How  let's  use  the  other  path.    It  is  as  follows; 

A-B-F-D-E .    Adding  up  the  voltage  drops  in  this  path  we  have  E^  +  E^  + 

E.  -  6V  +  5V  +  10V  -  21V.  Thus,  E  -  21V.  As  you  can  see  it  didn't 
natter  which  path  we  used,  we  found  E    -  21V  using  either  path.  The 

important  thing  to  remember  is  to  add  up  the  voltage  drops  around  only 
ONE  closed  path. 


C 


NOTE :    REMEMBER  THE  GROUND  SYMBOLS  INDICATE  THAT  THESE  POINTS  ARE 
:    ELECTRICALLY  CONNECTED. 

Using  schematic  diagrams  below,  analy^  the  circuits  to  determine 
total  voltage  in  each  circuit.    Put  your  answers  on  the  appropriate  blank 
on  the  response  sheet. 


Frdhe  2  (Continued) 


r 

i 


-WV- 
E,-6V 


Ef-  V 


E2'6V 


E3«6V 


♦  VW  

E4«-I2V 


I — wv 


i — *vw 


AVv  <» 


10V  E2-I0V 


I 


Ej«  V 


E3'I2V 


E4  =  I2V 
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Answers  to  Frame  2:    1.    26V        2.    20V         3.    2*V        4.  32V 
Frame  3 

Using  the  schematic  diagrams  below,  analyze  the  circuits  to  determine 
the  unknown  voltage  in  each  circuit .    Put  your  answers  on  the  appropriate 
blank  on  the  response  sheet.    Remember  the  total  voltage  is  the  sum  of 
the  voltage  in  only  one  close  path. 


1. 


X 


=-  EflOV  SE,-_Y 


2. 


>97 


! 


S9S 


Answers  to  Frame  3:    1.    10 V 


2.  5V 


Frame  4 


In  tha  paat  frames  you  saw  that  Kirchhoirf  !s  voltage  law  is  true 
in  actual  circuits.    Tha  rast  of  this  lesson  will  give  you  practice 
applying  Kirchhoff's  voltage  law.    First,  we'll  give  you  one  more 
exaaple  problem  that  is  worked  out  step  by  step.    There  are  two  closed 
paths  in  the  circuit  below.    One  path  is  A-B-C-D-E. 

Applying  Kirchhoff  ]b  voltage  law  to  this  path  we  haveJS^  +  + 

-  30V.    Substituting  in  known  values  we  have  ER4  +  ER2  +  10V  -  30V. 

Since  there  are  two  unknown  voltage  drops  in  this  path,  we  cannot 
determine  the  value  of  either  ER^  or  E^  by  using  this  path.    We  mvst  use 

a  path  that  has  only  one  unknown  voltage  in  it  •    The  other  path  is 
A-B-F-D-E.    Note  that  tnis  path  has  only  one  unknown  in  it.  Applying 
Kirchhoff's  voltage  law  to  this  path  we  have        +  ER3  +  ER1  -  30V. 

Substituting  in  known  values  we  have  ER^  +  12V  +  10V  -  30V.  Thus, 

-  8V.    Fill  in  8V  for  ER^  in  the  circuit  below.    Now  we  have  enough 
information  to  find^E^*    Applying  Kirchhoff's  voltage  law  to  the  path, 
A-B-C-D-E,  we  have  ER^  *  E^  + "  Et#    Substituting  in  known  values 
we  have  8V  +  E^  +  10V  -  30V.  Cxhus ,  ER2 


12V. 


DO  NOT  WRITE  IN  THIS  TEXT. 
C 

f — wv — 


AW 


~-  Ef30V 


B 


F  ER3-I2V 


-V\Ar 
ER4'- 


NO  RESPONSE  REQUIRED 

J 

Proceed  to  the  next  frame* 
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Frame  5 

Using  Klrchhoff's  voltage  law,  analyze  the  circuits  below  to 
determine  the  unknown  voltage  in  each  circuit.    Put  your  answers  on 
the  appropriate  blank  on  the  response  sheet. 


ERIC 


Answers  to  Frame  5:    1.    28V        2,    6V         3.    14V       4.    4V        5.  7V 

Frame  6 

Using  Kirchhoff'e  voltage  law,  analyze  Che  circuits  below  to 
determine  the  unknown  voltage  in  each'  circuit.    Put  your  answers  on  the 
appropriate  blank  on  the  response  sheet. 


9 

ERIC 


Answers  to  Frame  6:  1.  3V  2.  6V  3.  10 V  4.  13V  j.  18V 
Frame  7  • 

Fill  In  the  voltmeter  readings  in  the  circuits  below  on  the  response 


Have  the  instructor  check  your  answers. 
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Fr<»me  8 


Using  Kirchhoff's  voltage  law,  analyze  the, circuits  below  to 
determine  the  unknown  voltage  in  each  circuit.    Put  your  answers 
on  the  appropriate  blank  on  the  response  sheet . 

1  - 


I.    i  VW  f*W  Wv- 

12V      E2-6V     E3-  V 

Ef20V 


1 — wv 

I 


E2'6V 


E4-8V 


o  Wv 


E5"_;V 


Ef  V 


12V 


/ 


-vw- 


E5-I0V 


I 


 WV  Wv  o 

E|"I2V       E2"I2V  E3«6V 

Ef48V 


I — Wv  Wv  ||l 

E4«I2V 


-Wv  


GO  TO  1HE  NEXT  PAGE . 
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FOREWORD 

Thi$  programmed  text  was  prepared  f or  ^se  in  Course  3ABR42331, 
Aircraft  Environmental  Systems  Repairman.    The  material  contained 
herein  has  been  validated  with  students  from  the  subject  course. 
Ninety  percent  of  the  students  tested  achieved  all  objectives  as 
stated*    Average  time  to  complete  this  was  1  hour  and  46  minutes. 

OBJECTIVES 

Use  Ohm's  Law  and  power  formulas  to  solve  for  unknown  values  in 
basic  electrical  circuits.    A  minimum  of  eight  out  of  ten 
unknown  values  must  be  correct. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames1'.    Carefully  study  the  written  material  and/or  diagram 
in  each  frame  until  you  are  satisfied  that  you  understand  its 
contents.    Each  frame  requires  you  to  respond  to  the  information 
in  some  way.    For  example,  you  may  be  required  to  select  the  true 
statements  or  insert  a  correct  answer.    Specific  instructions  are 
provided  In  each  frame*    After  you  have  made  your  response  on  t^ie 
response  sheet  compare  your  answers  with  the  answers  at  the  bottom 
of  the  next  frame*    If  you  are  incorrect,  study  the  frame  again 
and  correct  your  mistakes  before  continuing.    Reed  carefully, 
select  the  correct  answers  and  DO  NOT  HURRY.    DO  NOT  MARK  IN  THIS 
TEXT. 


OPR:  3370TTC 
DISTRIBUTION*  X 

3370TTGTC  -  400;  TTSVR  -  1 
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FRAkE  1 

In  the  following  circuits  you  will  see  what  happens  when  the  voltage, 
current  or  resistance  values  are  changed. 


—  E«12V 
T 


R»2 


I 


I"    6  a 


Figure  !• 


If  the  circuit  below,  figure  2,  is  compared  to  the  circuit  above, 
figure  1,  you  would  see  the  resistor  value  has  been  increased  to 
6  ohms.    This  increase  will  cause  the  circuit  current  to  drop  to 
2  amps. 


"J  Ie2a 
Figure  2. 


R«6 


Note:    If  the  resistor  was  to  drop  in  its  value  the  current 
will  increase. 

If  the  circuit  below,  figure  3,  is  compared  to  the  circuit  above, 
figure  1,  you  can  see  the  applied  voltage  was  increased.  This 
increase  will  cause  the  circuit  current  to  increase  to  12  amps. 


I  I 

J     I«  12  a 
Figure  3. 


R»2 


Note:    If  the  applied  voltage  was  to  drop  in  its  value  the 
current  will  decrease. 

From  this  you  can  see  that  there  are  several  relationships  between 
current  *  voltage  and  resistance.    To  be  sure  you  understand  them, 
fill  in  the  blanks  on  the  next  page  with  the  correct"  term.  Please 
place  your  answers  on  the  response  sheet.  ( 
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FRAME  i  (Cont'd) 

1.    Increasing  the  voltage  in  a  circuit  will  cuase  the  current  to 


2.    Decreasing  the  voltage  in  a  circuit  will  cuase  the  current  to 


3.  Decreasing  the  Jesistance  in  a  circuit  will  cause  the  current* 
to  v  . 

 1  

4.  Increasing  the  Resistance  in  a  circuit  will  cause  the  current 
to    . 


FRAME  2 

The  relationships  that  we  have  seen  in  the  last  few  frames  is  called 
Ohm's  Law  and  is  stated  in  general  terms  as  follows:    The  current  in 
a  circuit  is  directly  proportional  to  the  applied  voltage  and 
inversely  proportional  to  the  circuit  resistance.    The  term 
"proportional"  implies  that  the  current  will  change  by  the  same 
factor  that  the  voltage  changes.    In  other  words,  directly 
proportional  implies  that:    if  the  voltage  is  doubled,  the  current 
will  be  doubled.    Inversely  proportional  implies  that:    the  current 
will'  decrease  by  the  same'  factor  that  the  resistance  increases.  In 
other  words,  if  the  resistance  is  doubled,  the  current  is  halved. 

Fill  in  the  blanks  with  the  correct  term  on  the  response  sheet. 


1. 

2. 
3. 
4. 


Decreasing  the  voltage  will  cause  a  proportional 
in  the  current. 

If  the  resistance  is  halved,  the  current  will  be 
If  the  voltage  is  halved,  tha  current  will  be   


If  the  voltage  is  tripled v  the  current  will  be 


Answers  to  Frame  1:      1.  increase    2.  decrease    3.  increase 

4.  decrease 
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FRAME  3 

Ohm's  Law  may  be  shown  as  an  equation:    I  -  E/R,  where  I  -  current  in  r 
ampa,  E  -  voltage  in  volts,  and  R  »  resistance  on  ohma.    For  example,  ^ 
in  the  circuit  shown  below  we  want  to  find  the  value  of  I.  Substituting 
the  known  values  into  the  formula,  1  -  E/R,  we  have  I  -  10V/2  «  5a. 


E=10V 


Solve  each  of  the  following  problems  for  the  amount  of  current  flow. 
Place  the  answers  on  the  response  sheet. 


1.      E  -  12V 
I  -  a 

R  -  6fi  V 


E  -  6V 

I  -  a 

R  -  6fi 


3.      E  «  6V 
I  - 


R  -  120 


ate  2:  "u 


Answers  to  Frai 


decrease    2.  doubled    3.  halved    4.  tripled 

/ 


$08 


FRAME  4 


la  many  circuit  applications  used  in  thla  course,  currant  if  known  and 
aithar  voltaga  or  reeiatance  will  ba  tha  unknown.    In  thaae    aees  there 
are  two  additional  formulas  that  are  derived  from  the  forme  I  «  E/R. 
To  find  the  value  of  R  when  E  and  X  are  known,  uae  the  formula,  R  m  E/I. 
To  find  the  value  of  E  when  I  and  R  are  known,  uae  the  formula,  E  -  IxR. 
A  simple  memory  device  that  will  help  you  to  pick  the  proper  Ota*  a  Law 
formula  is  shown  below. 


For  example,  to  fin^JL,  cover  E  with  a  finger  as  shown  in  figure  a 
below,    The  uncovafed  letters  indicate  that  E  ■  IR»    If  I  is  unknown, 
it  is -equal  to  E/R,  see  figure  b  below.    If  R  is  unknown,  it  is  equal 
to  E/I,  see  figure  c  below. 

a.  > 

y 


Place  the  following  answars  on  the  response  ^haet. 

The  three  formulas  for  Ohm's  Law  are  ,  ,  and 


Answers  to  Frwe  3:    1.  2A     2.  1A     3.  ,5A 


6 

603 
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FRAME  5 


Now  let's  solve  sane  problems  for  unknown  voltages  and  currents. 


In  the  diagram  below,  the  unknown  resistance  can  be  found  by  using 
the  formula,  R  -  E/I.    Substituting  in  the  known  values  for  E  and  I, 
we  have  R  ■»  25V/5a  -  5  ohms. 


I 


E=25V 


I=5a 


ft-  -n. 


In  the  diagram  below,  the  unknown  voltage  can  be  found  by  using  the 
formula,  E  -  IxR.  Substituting  in  the  known  values  tfor  I  and  R,  we 
have  E  -  5a  x  7  -  35V.  \ 


-  E=-  V 

I=5a 


I 


Solve  each  of  the  following  problems  for  the  unknown.  Put  your 
answers  in  the^appropriat£j>lank  on  the  response  sheet. 


1. 


2. 


3- 


T  l*3a 


-^E=16V 


R=32-n-    —  E=2Z.V 


I 


I=12a 


Answers  to  Frame  4:    1.  E  -  IxR    2.  I  -  E/R    3.  R  -  E/I  (any  order) 


FRAME  6 

Calculate  tht  resistance  in  each  of  the  following  circuits.  Put  your 
answers  in  the  appropriate  blank  on  the  response  sheet. 

l.    r  -    a 


I 


4.     R  -  n   E=*10V 

I  -  20a 


t 


Atuvirs  to  Fratwi  5:    1.  18V    2.   .5a   3.  2  ohmt 


9 

ERIC 


Calculate  the  voltage  in  eLtfi  of  the  following  circuits, 
answers  in  the  appropriate  blank  on  the  response  sheet. 

1.      E  *  V 


FRAME  7 
Put  your 


R  =  k 


I  *  7a 


3.  E 


r 
i 


-  E=?  >   R  =  5,000-0. 

I  -  .001a 


4.  E 


_  E=? 


R  -  50- 


I  -  .la 


AnavarF  to  Fr«m«  6:    1.  8  ohms    2.  6  ohm*    3.  50  ohms    4. ,5  ohms 

9 


fc07 


FRAME  8  J 

Calculate  -he  current  in  each  of  the  following  circuits.  Put  your  / 
answers  in  the  appropriate  blank  on  the  response  sheet.  / 


T  m 


I 


2.      I  -  a  — 


I 


I  - 


Ansvars  co  Frame  7:    1.  28v    2.  9V    3.  5V    4.  5V 

10 

ERiC  613 


Solve  for  the  unknown  in  each  of  the  following  circuits, 
answers  in  the  appropriate  blank  on  the  response  sheet. 


tot 

FRAME  9 
Put  your 


1. 


r 


£=      V        <  R--A 


ax. 


-  E=_  V       I  R=12jx. 

l=3a 


I 


3. 


_  E=i.8V 

=l6a 


R=  J\ 


ft. 


I 


E=36V 
18a 


5. 


E>=16V 


r 


&=16V        $  R=6u 


Answers  to  Frame  8:      1.     .5a    2.    1.5a    3.    la    4.  12a 


614 


11 


ERIC 


FRAriE  10 

Perform  each  of  the  following  steps  in  the  seq lence  given.  Fill  in 
the  blanks  with  the  correct  word  or  number  on  the  response  sheet. 


1.     In  circuit  (1)  solve 

for  the  current.  (l) 


I 

— £=1SV 


If  you  got  I  -  3a,  you  are  correct,  go  to  a tap  2.    If  you 
didn't  get  I  -  3a,  find  your  mistake  before  going  to  step  2. 
* 

2,      In  circuit  (2)  solve 

for  the  current •   

(2) 

_  E=20V         <  ft=5. 


If  you  got  I  -  4a;  yotf  are  correct,  go  to  step  3.    If  you  \ 
didn't  get  I  -  4a,  find  your^mistake  before  going  to  step  3.  J 

3.     The  only  difference  between  circuit  (1)  and  circuit  (2)  was 
,tj*e  amount,  of  voltage  ^applied.    When  the  voltage  was  increased  from 
15V  to  20V,  the  current  was  increased  from  3  amps  to  4  amps. 

No  further  response  required,    proceed  «to  the  next  frame. 


Answers  to  Freme  9: 1.  6V 2.  36V 3.  3  ohms 4.  2  ohms 5.  4*    6  .25a 
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12 


\ 


71 
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FRAME  11 


Fill  in  che  blanks  with  the  correct  word  or  number  on  the  response 
sheet.  i 

f 

1.      In  the  circuit  below,  if  the  voltage  is  increased  to  20V,  the 

current  will  (decrease/increase)  to 

,  amperes .  *  — 


  E=10V 

T  I«la 


2.      In  the  circuit  below>  if  the  voltage  is  decreased  to  llVt  the 

current  will  (decrease/increase)   .  tfo 

amperes. 


1=3* 


B-6. 


bib1 


,13 


Ml 

TRAME  12 

Fill  in  the  blanks  with  the  correct  word  or  number  on  the  response 
sheet. 

1.      In  the  circuit  shown  below,  if  "he  3  ohm  resistor  is  replaced 
by  s  6  ohm  resistor,  the  current  will  (decrease/increase) 

to    a. 


2.      In  the  circuit  shown  below,  ir  the  6  ohm  resistor  is  replaced 
b/i  2  ohm  resistor,  the  current  will  (decrease/increase) 

.  to  a. 


I 


I-2a 


Answers  to  Frame  11:      1.  increase  2A    2.  decrease  2A 


14 


FRAME  13 

Fill  In  the  brinks  with  the  correct  term  or  formula  on  the  response 
sheet.    The/xirst  two  have  been  dpne  for  you. 

1.  Ohm's /Lew  states  that:    The  curren^  in  a  circuit  is  directly 
proportional  to  the  voltage  and  inversely  proportional  to  the 
resistance, 

2.  The  three  formulas  for  Ohm's  Law  are  E  -  IxR,  I  -  E/R;  and 

3.  Increasing  the  resistance  in  a  circuit  will  cause  a  proportional 
(increase/decrease)   in  current. 

4.  Decreasing  the  voltage  in  a  circuit  will  cause  a  proportional 
(increase/decrease)    in  current. 

Solve  the  following  problem^  -  th-  unknown.  Put  your  answers  in 

the  appropriate  blank  on  the  iponse  street. 

5.  E  -   V  6.      E  -  18V  7.      E  -  28V 

I  -  .25a  I  -   a  I  -  14a 

R  -  40Q  R  ■  12ft  R  - 


Answers  to  Frame  12:      1.  decrease  3a    2.  increase  6a 
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FRAME  14 

Power  is  -the  rat*  at  which  work  is  dona.    Work  is  dona  whan  a  fort* 
'  eiuiu  motion*    Previously  it  w«s  shown  that  voltaga  is  an  alaetrlcal 
forca  and  that  voltaga  will  forca  currant  t*  flow  in  a  closad  path. 
Whan  thara  is  voltaga  batwaan  two  points,  but  currant  can  not  flow, 
no  work  is  dona.    A  total  amount  of  work  mmj  ba  demy  in  diffarant 
langtha  of  tlaa.    Por  axaapla,  a  givan  amount  of  alactrooa  nay  ba 
novad  f roa  ona  point  to  anothar  in  1  sacond  or  1  hour  dapanding  on 
tha  rata  at  which  thay  are  aoved*    In  both  caaas  tha  total  work  dona 
ia  tha  im.    Whan  tha  work  is  dona  in  a  shorter  time,  tha  rata  is 
graatar  than  whan  tha  son  amount  of  work  is  dona  in  a  longer  tima. 
^ha  baa*c  unit  of  powar  ia  tha  watt.    Tha  symbol  for  powar  ia  P. 
Tha  basic  powar  formula  ia  P  •  I  x  E     I  is  tha  currant  through, 
and  I  is  tha  voltaga  serosa  tha  rasistor  or  unit  for  which  powar  is 
balng  measured.    Tha  abbreviation  uaad  for  tha  watt  is  w. 

Nota:    Tha  formula  for  powar  will  ba  aaay  to  remember  by 
spoiling  tha  work  PIE.    Va  also  hava  tha  memory  davica 
shown  balow. 


Mark  the  true  statements  with  a  "T"  on  the  response  eheet. 

  !•     Work  ia  done  tfhen  a  battery  forcea  electrons  to  move 

through  a  circuit. 

a       2.      Tha  terms  work  and  power  have  identical  meanings* 

  3.      The  power  in  e  ciicuit  is  equal  to  Hie  carren,  multiplied 

by  the  voltaga. 


Answers  to  Frame  13;    1.  Voltage    Resistance    2.  E-IxR    3.  decrease 

I-E/R 
R-E/R 

4.  decrease    5.  E-10V    6.  1.5a    7.  2  ohm 


61  y 
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FRAME  15 

In  chii  circuit  shown  below,  the  value  of  the  pwir  that  the  battery 
supplies  to  tht  resistor  can  be  found  by  means  of  the  equation 
?  ■  I  x  I.    To  find  the  power  output  of  the  bettery,  substitute  the 
current,  2  saps,  for  I,  end  substitute  the  battery  voltage,  12  volts, 
for  2.    The  power  In  watts  Is  equal  to  2  x  12"  24v. 


Find  the  power  supplied  by > the  battery  in  each  of  the  following 
circuits.    Put  your  Answers  in  the  appropriate  blank  on  the 
response  sheet* 


r 


—  E»12V 

2.      P  -  w   


I 


Answers  to  Frsas  It:      1.  T     2.  F     3.  T 


SCO 
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FRAME  16 


Fill  In  the  blanks  with  the  correct  term  or  formula  on  tha  response 
ahaat . 

1.     Oha'e  Lav  atataa  that:    Tha  currant  In  a  circuit  la  dlractly 
proportional  to  tha  #         and  inversely  proportional 

to  tha  . 


2.  Incraaalng  tha  raalatanca  In  a  circuit  v*.ll  cauaa  a  proportional 
(incr-      /decrease)  In  currant. 

3.  In^aalnTtha  voltaga  In  a  circuit  will  cauaa  a  proportional 
(increase/decrease)  ia*«**raat. 

4.  In  tha  circuit  *hovn  below,  if  tha  voltaga  Is  dacraaaad  to  10V, 
tha  currant  will  (decrease/increase)  — t0 
  amperes. 


5.      In  tha  circuit  shown  balow f  if  tha  5  ohm  resistor  is  raplacad 
by  a  15  ohm  rasistor,  the  currant  will  (decraea a /increase) 
  to  amperes. 


I 

-_E-30V  I  R-ln. 
T  1-6* 


Ansvari  to  FraiM  15:      1.  96w     2.  6w 


621 

18 


Solve  for  the  'Aknovns  in  each  of  the  following  p rob leu 
anavero  in  the  appropriate  blank  on  the  reeponae  sheet. 


PRAMS  17 
Put  your 


1. 


I 


-  E-12V 


R-240 


2. 


I 


-  E-16V 


1-32* 


R-  0 


3. 


I 


T  I-.23* 


R-40A 


5. 


X 


_  p-  w 

1-2* 


I 


R-163 


4. 


I 


_  B-6V 
P-  w 


3* 


6. 


I 
I 


E-1UV 
P»  W 


R-2n 


1-200 


7. 


X 


-   E-  V 


R-6G 


T 


I-.la 


8. 


X 


-   E-  V 


I 


I-4« 


r 


12. 5Q 


G2« 


fc/7 

FRAME  17  (Con'c) 
9. 


X 


E-9V 


u 


10. 


r 


R-36Q 


—  E-36V 


R-9n 


Answer*  to  Frataa  16: 


4^ 

1.  voltage  resistance 

2.  decrease 

3.  increase 

4.  decrease  2A 

5.  decrease  2A 


Answers  to  Frame  17: 


t 


U  ,5a 

2.  .sn 

3.  10V 

4.  18w 

5.  64v 

6.  5w 

7.  .6V 

8.  50V 

9.  .25a 
10.  4a 


€23 


er|c 
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FOREWORD 


This  programed  text  vu  prepared  for  uae  la  the  3ABR42231  inatructional 
system.    The  materiel  contained  herein  haa  been  validated  uaing  thirty-five 
42010  ftudente  enrolled  in  the  3A$R42231  course.    Ninety  percent  of  the 
atudenta  taking  thia  text  surpassed  the  criterion  called  for  in  the  approved 
leaaon  objective.    The  average  atudent  required  fifty  minutea  to  complete  the 
text.    After  completing  thia  text  the  atudent  will  be  able  to  attain  the 
objectives  with  an  accuracy  of  70%. 


Upon  completing  thia  programmed  text  you  will  be  able  to: 

1.  Define  a  aeriea  circuit. 

2.  Identify  electrical  symbols. 

3.  Identify  a  aeriea  circuit  diagram. 

4.  Deacribe  the  characteristics  of  voltage,  amperage,  and  resistance 
in  a  aeriea  circuit. 

5.  Apply  Ohm9 a  Lav  to  solve  unknown  values  using  a  series  circuit 
diagram. 


Thia  program  preaenta  information  in  small  steps  called  "frames." 
After  reading  each  frame,  you  are  asked  to  select  an  answer  or  make  an 
entry  that  shows  you  understand  the  information  in  that  frame;  do  so  by 
writing  your  answer  in  thia  book.    You  may  check  the  accuracy  of  your  answer 
by  looking  on  the  next  page. 


OBJECTIVES 


INSTRUCTIONS 


Supersedes  3ABR42231-PT-114,  8  March  1971. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 
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Frame  1 


A  fixed  resistor  has  a  valua  that  is  considered  "fixed that  is, 
its  valua  does  not  change  under  normal  circumstances.    It  can  be  easily 
identified  in  a  diagram  because  it  does  not  have  an  arrow. 

From  aeong  the  symbols  of  resistors  shown  below,  circle  the  letter 
of  the  resistor  that  has  a  fixed  value. 


/ 


c. 


t 


d. 


e. 


\ 


ERIC 
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ERIC 


Answer  to  Frame  I;     c.    is  a  fixed  reeiator. 


fxmm  2 

A  variable  resistor  can  be  recognized  by  the  arrow. 

The  arrow  means  the  value  of  the  reaimtor  can  be  changed.    Th^a  kind 
of  reeiator  ia  found  frequently  in  an  aircraft  air  conditioning  ayatam. 

Circle  the  letter  beside  the  variable  resistor. 


///////////////////////////////////////////////////////////////////////////// 

a. 

Frame  3 

The  symbol  that  represents  a  lamp  (often  referred  to  as  a  bulb)  is  a 
circle  with  a  small  loop  of  wire  inside.    The  loop  represents  the  small  wire 
that  glows  ip  a  lamp  and  the  circle  means  the  loop  is  inside  an  enclosure, 
in  this  case  a  glass  with  a  partial  vacuum* 

Circle  the  letter  of  the  symbol  that  represents  a  lamv 


b. 


d. 


e. 


(>2  7 

4 


Aomr  to  Frama  3:      d.    is  a  lamp. 


Frama  4 


Balow  ara  aavaral  symbols*    Wrlta  tha  lattar  of  tfaa  symbol  in  tha 
approprlata  apaca  of  tha  right  hand  column. 


a. 


c. 


1. 
2. 
3. 


Variabla  raaiator 
Lamp 

Fixad  raaiator 


e. 


ii- 


h. 


5 

^8 


Aaawar  to  Frtu  4:     1.    d        2.    g        3.  a 

   ~  -  A 

Tha  battary  symbol  is  shown  balow*    Not let  tha  diffaranca  la  tha  two  llnaa. 

Om  ia  long  gad  rapraaant*  tht  Poaitlva  alda  of  tht  call. 

Tha  othar  it  short  and  rapraaaata  tha  Nagatlva  tarmlnal  of  tha  call. 

Tha  two  llnaa  maka  up  ona  call  and  uauaJUy  indlcata  ona  and  ona-half  volta. 

A  "Battary"  than  la  aada  up  of  many  calls* 

From  tha  aymbola  balow,  circla  tha  iattar  of  tha  battary  that  has  a  voltaga 
of  9  volta  aad  has  ita  tamlnals  corractly  drawn. 

h|i|i|ih     * *-  _|,|,|,|,|_ 

///////////////////////////////////////////////////////////////////////////// 


Tha  ground  aymbol  haa  a  long  vartical  or  horizontal  lina  and  two  or  thraa 
vartjeal  or  hbrixontal  linaa  that  ara  aach  amallar  than  tha  ona  bafora  it. 

Ciircla  tha  lattar  baaida  tha  ground  symbol  b^low. 

b-  Hh    c-  h|(-  d--i|i(- 

iitiuiiiiiiiiiiiiniiiiiiuiiiuiiiiiiiiiiiiiiiuiiiiiiuiiuumumiim 


Fraaa  7 

Balow  ara  soma  namaa  with  which  you  should  now  ba  familiar.  Draw  tha  corract 
aymbol  in  tha  appropriata  spaca  baaida  tha  nama. 

a.  fix ad  raaistor  _  

b.  laa>p   

c.  variable  raaistor  

d.  thraa  volt  battary  

a.  "Ground*1         .   '  t  
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••  -\\> 
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Frame  & 

You  will  eee  many  ewitchea  in  diagrams  for  tha  circuits  we  work  on* 
Thay  ara  .drawn  in  aymbol  form  ao  that  you  can  aaa  how  thay  switch  currant 
within  tha  circuit. 

Currant  antars  tha  part  of  tha  avitch  callad  a  "Pole,"  and  tha  position 
it  can  ba  "thrown  to"  ao  a  circuit  will  ba  completed,  is  called  a  "throw. " 

From  thla  deecription,  identify  tha  eingle-pole-single  throw"  (SPST) 
and  tha  "eingle-pole-double-throw"  (SPDT)  switches  by  writing  the  letter  of 
the  eymbol  In  the  appropriate  epace  In  Cue  right  hand  column. 


i 


i. 


2. 


SPDT 


SPST 


I II I  III  I  III  II II  III  I  lllll  II  III  I  III  I II 1 1 II  III  III  II  III  I II II  UN  II  I!  II IIIUI  III  II 


1. 


2. 


Frame  9 


There  are  eeven  symbols  bslow  and  a  space  to  the  right  of  them. 
Identify  the  eymbol  and  Vtite  the  correct  name  in  the  space  beside  the 
symbol. 
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Aaavara  to  Fraa*  9  s  * 

**     bSS.     b"    *****  f-«tor     c.    awltch  SPST     d.    battary  (4  1/2V) 

•.     witch  SPOT        £.    r— la  tor.  var labia      g.  ground 

»   

Txmm  10 

A  s*rl*f  circuit  Is  &  circuit  that  hu  only  on*  path  for  currant  to 
follow.    All  of  tha  cqaponants  that  maka  up  a  aarlaa  circuit  ara  arranged 
In  such  a  way  that  currant  must  traval  through  each  part  and  not  ba  givan 
any  ofhar  path  to  traval.  ^ 

From  tha  diagrams  balow,  chooaa  the  onaa  that  ara  "Sariaa  Circuits . " 


2. 


I 


-WW- 


I  L 


3. 


•  ||  l|l|l^/VW 


W- ||i 


— WW-||i 


*5. 


6. 


r>3i 


Answers  to  Prime  10:      1,  4,  and  5  tri  series  circuits. 


Frame  11 


These  are  series  circuit  diagrams. 


I 


»iH|'|i|^wA — w\— ji» 


Circle  the  letter  of  the  statement  that  correctly  describes  series 
circuits • 


a.  Series  circuits  are  arranged  in  such  a  way  that  current 
must  travel  chroug..  the  only  path  provided, 

b.  Current  can  travel  through  anv  of  the  two  or  more  paths 

provided. 


9 
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Anever  to  Frane  11:  *  a  is  the  only  correct  anewer. 
—  *  


Frame  12 


Wo  too  that  all  tho  components  are  arrangad  in  a  aaquonco  callod  "Series. 
Lot* a  look  into  thaaa  componente  and  aao  how  thay  ara  rapraaantad  by  aymbola 
in  a  diagram.    In  tha  diagram  below  we  have  drawn  aavaral  itenui  ualng  only 
thair  aymbola. 

Fill  in  tha  blanks  baalda  tha  lattar  with  tha  naznaa  of  tha  components 
that  corraapond  to  tha  aymbola  in  tha  diagram.    Compare  your  answers  with 
tha  correct  onae  on  tha  next  page. 


AAAr 


c    o  e 


F 


G 


J2V  ■ 
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A 


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


I. 


J. 


C33 
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Answers  to  Frame  12; 

A.    ground     B.    battery     C.    circuit  breaker     D.    evitch     E.  lamp 
F.    fixad  reaietor     G.    coix     H.    capacitor     I.  rheostat 
J.    variable  reaietor 


Frame  13 


At  this  point  you  ere  f miliar  with  Ohm's  Law,  circuit  symbols*  and 
series  circuit  construction.    We  will  use  this  information  to  recognize  the 
characteristics  of  e  series  circuit  end  to  solve  some  circuit  problems.  In 
c^r  circuits  below,  notice  that  each  resistor  is  directly  in  the  path  of  the 
current  flow. 

This  means  that  the  voltage  must  work  hard  to  push  current  (amperage) 
through  each  of  the  resistors.    Therefore,  the  total  resistance  in  a  series 
circuit  is  found  by  simply  adding  the  value  of  ell  the  resistors. 


ftl 

-AA/W 

R*40 


112 

-VsAAr 

11  =  6(1 


R3 

-WW 

*  =  I20 


-X-        RT  (Resistance  total)  =  24q 


R4 

-AAAAr 


l||  Ws,  (g^- 


R,=sn  n2on 


4 
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Circle  the  letter  of  the  statement  thet  best  describes  the  characteristics 
of  resistance  in  a  series  .circuit. 

a.  Total  resistance  is  the  same  as  any  one  of  the  individual 
resistors  in  the  circuit. 

b.  Total  resistance  is  tho  "SUM"  of  all  the  individual 
resistors  in  the  circuit. 


ERIC 
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Answer  to  Frist  13:     b.    la  correct 


Fraaa  14 

Now  that  you  racogui*a  total  raaiitanca  a»  dvayi  la  a  stria*  circuit 
tha  "SUM"  of  the  individual  raaittancaa,  solva  tha  problama  btlow.  Placa 
your  inmr  in  tha  propar  spaca  baaida  aach  diagram. 


035 

12 


Answers  to  Fraa«  14: 

1.     ^-  8  0      2.    R  -  20  Q 


3.    R  -  76  Q 


4.    Rt  -  90  Q 


630 


Fraaa  15 

A  s««ond  thing  wo  should  know,  end  psrhapa  tho  most  important,  is  how 
currant  flows  in  a  sarias  circuit.    Currant  flow  (amperege)  is  tha  "SAME"  all 
through  tha  circuit.    Logically,  it  oust  ba  slnca  no  mora  alactrons  can  return 
to  tt  *  battery  than  originally  laf t  it.    Suppoaa  a  matar  has  baan  usad  in 
aach  of  tha  illustrations  balow.    Tha  meter  indications  naar  tha  circuit 
components  show  that  currant  is  tha  sane  throughout  a  series  circuit. 


4 


•hit- 


IT|CU«MNT  TOTALi=7A 


T^7A  7=7 A 


t 


©~®  ®— ®  ^-0- 


1  =  2A 


A)  I  =  2 A 


Solve  the  problems  below  and  write  your  answer  in  tha  appropriate  spaces. 
Check  your  answers  with  those  on  the  next  page. 


1. 


1 


l=60A 


l=60A 


2. 


l=. 


I=7A 


4.  \ 


l=12A 


l  =  . 


'T=12A* 


If =8  A  "ST 
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Ana  vers  to  Fran*  IS: 

1.      Ifc  -  60«       2.1-7*  3.    I  -  12a        4.    I  -  8«,  I  -  8a,  I  -  8a 


Frame  16 

In  a  seriae  circuit  total  resistance  Is  the  SUM  of  the  Individual 
resistances.    Amperage  Is  alvays  the  SAME  throughout  the  circuit.    Below  are 
some  problems  that  can  be  easily  solved  by  using  this  information  and  Ohm's 
Lav.  "x 


Write  your  answers  in  the  appropriate  spacss  bslow. 


1. 


eT=3*v 

lfsJA 


l,=12V 

«,  =  

R,=60 


>  e2=24v 


1. 


ET=12V 


*T=. 


E.=8V 


E->=4V 


"2=40 


V 


///////////////////////////////////////////////////////////////////////////// 


18  Q,    I    -  2a, 


2.  I. 


12Q, 


12  0 

la,      Rx  -  8(3, 


la 


Frame  17 

Circle  the  letters  of  the  statements  below  that  correctly  describe  the 
characteristics  of  Resistance  and  Amperage  In  a  series  circuit. 

a.  Amperage  remains  the  same  throughout  the  entire  circuit. 

b.  Amperage NU  the  sum  of  the  amperages  throughout  the  circuit, 
c     Resistancs  is  the  same  throughout  the  entire  circuit. 

d.      Resistance  is  the  sum  of  the  individual  resistors  in  the 

circuit. 

\ 

/////////////////////////////////////////////////;/////////////////////////// 

,  a  and  d 
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Frame  18 

The  final  characteristic  that  muat  be  considered  in  a  series  circuit  is 
the  effect  of  voltage.    You  have  learned  earlier  that  voltage  does  not  travel 
through  a  circuit,  hut  rather  pushes  (or  pulls)  the  current  through  the 
resistors.    A  certain  aaount  of  this  voltage  is  "dropped"  (used  up)  as  it 
pushes  current  through  each  resistor.    Naturally  the  voltage  drop  won't  be 
the  sane  for  each  resistor  since  it  will  require  more  voltage  to  force 
current  through  a  large  resistor  than  it* will  through  a  smaller  one. 

From  this,  we  can  conclude  that  cotal  voltage  is  the  SUM  of  the  voltages 
required  to  force  current  through  each  of  the  resistors. 

Notice  in  the  diagrams  below  how  voltage  drops  are  determined. 


IT«J4V 


I  =  1»V 


U4V 


f  =  4V 


t=iV 


Solve  the  Voltage  Problems  below  using  the  characteristic —Voltage  is 
the  SUM  of  the  individual  voltage  drops  and  write  the  voltage  values  in  the 
appropriate  spaces. 


1. 


t=4V 


3. 


i-IOOV 


4. 


f  =  2tv 


I=50V 


15 


mi  Answera  to  ?ram  18: 

993  l.  E, 


16V 


2.    E  ■  6V       3.    E  -  10V       4.    E£  -  150V 


Fran*  19  ■  

-     From  the  characteristics  liated  balow,  indicate  whether  tha  tocal  in  a 
aarlaa  circuit  ia  tha  SUM  or  tha  SAME  by  writing  the  word  SUM  or  SAME  in  the 
apace  baaida  the  charactariatic  it?\deacribea . 

  Total  Amperage  ia  the  (Sum  of  -  Same  as)  all  the  amperages 

throughout  the  circuit. 

  Total  Voltaga  is  tha  (Sum  of  -  Sama  as)  all  the  voltages  dropped 

throughout  the  circuit. 


a. 


b. 


c'   Total  Resistance  ia  the  (Sum  of  -  Same  as)  all  the  resistances 

in  the  circuit. 

fill  I II II  III  III  II II  III  UN  III  1 1 II I II  III  III  I  III  II 1 1, 1 1  III  1 1 II  I,, I,,,,,,! 


a>  Same 


b.  Sum 


c.  Sum 


Fraae  20  " 

Ust  OHM'S  LAW  and  the  characteristics  of  a  Series  Circuit  to  solve  turn 
following  Series  Circuit  problems.    Write  your  answers  in  the  spaces 
provided ♦  r 


M2A 


»T*30A  — 


1=1011 


1*40  A 


U7A 


© 


r 


tT  =  iiov  — 


L 


1340V 


1= 


1  =  1  A 


»=3A 


l=3v 


f  =  13V 


© 


i 


If  -  7  A 


16 
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'Answer  to  Frame  20: 


63V 


lT=IOA 


*=2a 


«  =  6A 


1-7  A 


l=7A 


l  =  76A 


R-1A 


«=3A 


lT-30A 


lT=24V 


1=1  OA 


K  =  20A 


l  =  6V 


l  =  3V 


E=I5V 


IT  =  60A  — 


ET=U0V  — 


U-7A 


Is  40  A 


1-60A 


l  =  40V 


IS70'. 
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Fraae  21 

Use  OHM'S  LAW  and  the  churacteriatict  of  a  Series  Circuit  to  solve  che 
following  Series  Circuit  problems.    Write  your  answers  in  the  spaces 
provided 


Answers  Co  Fr 


21: 


63i 


® 


tT»3»v  rjr 


®r 


i 


® 


IT* 44V  jg 
!T54A 

•  t»ha 


|S4V 
•  s  2  A 


t-  2 A 

*=3A 


^   1=  3A 


t»tJV 

.3  4* 
Is  3  A 


l=4A 


8=11  I  =  3V 

1=3^ 


•  *IA 


© 


r 


■0  0- 


iT=i2v  rfr 

IT=3A 

•t 


i 


MIA 


® 


M4V 
Is  |  A 
M4A 
-WV— 


Mlv 

I- I  A 
M2A 


If  =  I  A 


T 

M6A  I 


i! 


19 


ERIC 


B42 


131 

WORKBOOK 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


SERIES  CIRCUIT  PERFORMANCE 


1  February  1979 


CHANUTE  TECHNICAL  TRAILING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


Designed  for  ATC  Course  Use. 
Do  Not  Use  on  the  Job. 


G43 


ERIC 


Environmental  Pneudraulics  firmnch 
Chenute  AFB,  Illinois 


3ABR42331-VB-117 


SESiES  CIRCUIT  PERFORMANCE 


OBJECTIVE 

Uaing  a  DC  fundamentals  trainer,  construct  a  series  circuit  and 
aeausre  electrical  values  wi*-h  one  inrcructor  assist  allowed  for 
each  task  area. 

EQUIPMENT 


Caution:    Remove  watches,  rings,  bracelets,  etc.,  before  starting 
any  work  on  the  equipment.    It  is  also  a  good  safety  practice  to 
work  on'  the  equipment  with  one  hand.  /This  practice  reduces  the 
chances  of  receiving  an  electrical  shock  to  some  vital  body 
organ  whan  working  with  electricity.    Also  remember  that  light 
bulbs,  resistors,  etc.,  do  get  HOT  and  could  burn  the  skin* 


Pay  close  attention  to  all  directions  that  you  are  given  in  the 
workbook.    When  performing  in  the  workbook,  such  as  answering  questions 
or  recording  electrical  measurements  if  four  response  is  incorrect , 
restudy  the  information  with  your  instructor's  assistance  as  needed. 
Do  not  hesitate  to  ask  the  instructor  questions.    You  will  be 
required  to  accomplish  several  exercises  and  have  some  of  them 
checked  by  your  instructor  before  you  nSfrVe  to  the  next  exercise. 
You  will  also  find  that  ntany  of  the  exercises  have  the  corfact 
answers  on  page  11.    After  you  have  completed  all  the  exercises 
you  will  satisfactorily  complete  the  progress  check  assigned  by  your 
instructor.    Pages  15  through  22  may,  if  you  wish,  be  removed  for 
your  convenience. 

When  you  leave  your  trainer  for  scheduled  or  unscheduled  breaks, 
complete  the  following  checklist  before  you  go. 

1.  Insure  the  SPST  switch  is  turned  OFF  in  the  circuit . 

2.  Insure  the  2oV  DC  bus  bar  (red)  has  all  the  electrical 
leads  removed  from  it. 

3.  Insure  the  negative  (black)  bus  bar  has  all  the  electrical 
leads  removed  from  it. 


Sup$r*edes  3ABR42231-WB-111,  26  August  1977. 
OPR:    3370  TTG 
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Trainer,  P/N  521685  DC  Fundamentals 
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Basis  of  Issue 
1/ st jdent 
1/student 


SAFETY 


PROCEDURE 
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4.  Insure  the  multimeter  i3  properly  stored  during  this  per/od. 
a-      Insure  tue  controls  on  the  meter  are  properly  set  for 

storage. 

b.  Leave  the  test  leads  attached  to  the  meter. 

c.  Wrap  the  meter  leads  around  the  instrument. 

d.  Place  t^e  meter  on  the  locker  shelf . 

5.  Wheh  you  return  from  the  break  take  the  same  iseter  and  go 
back  to  work.  * 

Exercise  1 

1.  Trained  preparation  for  exercises  2  through  8. 

a.  The  metal  plate  on  the  right  side  of  the  trainer  may 
be  raised  for  your  workbook  to  lay  on. 

b.  Sign  out  a  multimeter,  see  the  lau  ^Instructor  if 
assistance  is  needed. 

c.  Insure  that  the  instructor  has  connected  power  to  the 
trainer*    You  wil?  do  this  by  measuring  the  power  with  the  multimeter 
at  the  positive  (red)  and  negative  (black)  bus  bars.    These  bus  bars 
are  located  in  the      *er  right  and  left  hand  corners  of  the  trainer. 
If  you  don't  read  a  voltage  (24V  DC  ±  4V  DC)  see  your  instructor. 

d.  Insure  that  fuse  wire  is  across  the  fuse  holders  of  each 
of  the  three  (3)  ammeters  on  the  trainer.    This  will  protect  the 
ammeter  intenwfintrircuit  trom  over  load.    If  the  fuse  wire  is  burnt  in 
twe  or  is  fnissing,  see  your  instructor  for  assistance. 

e.  Pull  tne  circuit  breaker  out  (open)  and  turn  OFF  (open) 
two  (2)  single  pole  single  throw  (SPST)  switches. 

f.  Insure  all  le     s  in  the  diaw  are  in  good  condition  with 
a  plug  at  both  ends.     If  you  find  any  damaged  lead,  give  them  to  the 
instructor. 

g.  Examine  the  electrical  leads  ends,  and  note  how  you 

may  connect  them  together  if  one  lead  is  too  short.  See  your  instructor 
for  assistance  if  needed. 

Exercise  2 

2.  Build  a  series  circuit  with  two  (2)  loads,  one  lignt  bulb 
and  oud  10  ohm  resistor  as  follows: 

a.      Using  the  electrical  lead.*  from  the  drawer,  construct 
the  circuit  shown  in  figure  1,  page  15,  consisting  of  a  circuit 
breaker,  SPST  switch,  one  light  bulb,  and  one  10  ohm  resistor. 
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Note:    If  an>lectric#l  lead  is  tco  aho~t  you  may  connect  leads 
together  to  prevent  stretching  or  bre*u    *2  them. 

b.  Before  applying  r^er  to  your  circuit,  be  sure  you  have 
only  one  path  for  current  to  flow  from  the  negative  to  the  positive 
aource  through  the  two  loads.    Tracing  from  negative  (-)  to  positive 
(+)  the  electrons  will  first  go  through  the  U         resistor,  then  the 
lamp  and  on  through  the  switch  and  circuit  b^a.  er  to  the  positive 

(+)  bus  bar. 

STOP  and  have  your  instructor  check  your  work  at  this  time. 

c.  After  :he  instructor  lias  checked  the  circuit  and  is 
present 9  you  will  dc    ae  following: 

(1)  Puah  in  the  circuit  breaker. 

(2)  Turn  the  single  pole  single  throw  (SPST)  switch 
ON.    The  xJinp  should  light i    If  the  lamp  does  not  light,  turn  OFF 
the  SPST  switch  and  ask  the  instructor  for  assistance. 

(3)  If  the  lamp  lights  and  everything  appears  OK, 
turn  the  SPST  switch  OFF. 

STOP  and  have* your  instructor  initial  hsre  before  you  proceed. 


Note:    The  instructor  must  see  that  the  circuit  is  properly 
constructed  and  also  see  an  operational  check  performed.  This 
must  be  done  before  the  instructor  initials  above.    You  will 
not  proceed  until  the  instructor  has  initialed  above. 

Exercise  3 

3.      Using  the  ammeter  in  a  series  circuit. 

a.      Sometimes  it  is  necessary  to  take  amperage  readings 
of  a  circuit.    You  are  now  going  co  learn  how  to  set  up  ard  use  the 
ammeter  in  a  given  series  circuit.    There  are  a  few  important  facts 
that  you  must  know  about  the  ammeter  before  you  proceed. 

(1)  Anmeters  are  connecced  in  series  with  the  rest  of 
the  series  circuit.  This  means  the  amnetei:  will  normally  replace  the 
wire  in  the  circuit  to  be  measured. 

(2)  With  the  ammeter  connected  there  must  be  only  one 
path  for  current  to  f}aw  through  the  circuit,  fxom  negative  to  the 
posicive  bus  bar.    Wiui  the  ammeter  connected  in  the  cii :uit  or  the 
part  of  a  circuit  being  measured,  all  of  the  curr-n-  to  be  measured 
in  that  circuit  must  flow  through  the  mete       It  '      path  (electrical 
wiring)  allows  current  to  bypass  the  meter  the  am.  -ter  (current)  reading 
will  be  incorrect. 


4  (Mi; 
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(3)  The  ammeters  must  be  protected  by  fuse  wire  on  this 
trainer.  If  at  any  time  the  fuse  wire  burns  in  two  or  is  aliasing,  then 
without  touching  the  circuit  aee  your  instructor  for  assistance, 

b.      Before  continuing,  answer  the  following  questions. 

(1)  The  ammeter  is  connected  in  _____ ____  with  the 

rest  of  the  circuit. 

(2)  With  ammeter  connected  there  must  be  only   

path  for  current  to  flow  from  the  negative  to  the  positive  bus  bar. 

(3)  The  ammeters  on  the  trainer  are  protected  by   


You  will  find  the  correct  answers  to  the  above  questions  on  page  11 
of  this  workbook.    Do  not  check  your  work  until  you  have  answered  all 
of  the  above  questions.    If  you  have  any  questions  about  the  work  thus 
far,  see  your  lab  instructor  right  NOW. 

c.      Refer  to  the  circuits  shown  in  figures  1  and  2.  You 
will  find  these  circuits  are  the  same  circuits.    But  in  figure  2  y^u 
will  also  find  that  the  ammeter  (symbol)  with  leads  has  been  added. 
Using  the  ammeter  in  the  lower  right  hand  corner  of  the  trainer,  you 
will  be  able  to  measure  the  amount  of  current  flow  in  the  circuit 
you  have  already  constructed.    You  will  accomplish  this  as  follows: 

(1)  Take  two  electrical  leads  from  the  drawer  and 
connect  one  to  each  side  of  the  ammeter  and  let  them  hang  as  snown 
in  figure  2. 

(2)  Be  sure  the  circuit  SPST  switch  is  in  the  OFF 

position. 

(3)  Remember  the  ammeter  has  a  positive  (red)  and  negativ 
(black)  side,  and  it  MUST  NOT  be  wired  i"to  the  series  circuit  backwards, 
or  the  ammeter  could  be  damaged. 

(4)  Knowing  that  the  ammeter  must  Replace  a  circuit 
wire,  the  wire  between  points  1  and  2  will  now  be  removed.  See 
figure  3. 

(5)  The  negative  side  of  the  ammeter  must  always  be 
connected  to  the  negative  side  of  the  circuit*    So  connect  the 
ammeter  negative  lead  to  the  negative  bus  bar.     See  figure  4. 

(6)  The  positive  *ide  of  the  ammeter  must  always  be 
connected  to  the  positive  side  of  the  circuit.     So  connect  the  ammeter 
to  point  2  of  the  circuit  because  it  will  be  mora  positive  than  the 
negative  bus  bar  when  power  is  turned  on.     See  figure  5. 

Note:    Now  you  have    ir  i  the  ammeter  in  series  in  a  series 
circuit  to  measure  tne  total  current  flow  in  the  3eries  circuit 
witn  power  on. 


5 

M7 


(7)  Turn  ON  the  power  (SPST)  and  .record  the  ammeter 
reading  in  figure  5.    If  you  DO  MOT  get  a  reading  on  the  amtaeter  and/or 
circiiit  breaker  pop*,  and/or  fuse  wire  burns  in  two,  turn  OFF  the  SPST 
•witch  and  oee  your  instructor. 

Note:    Do  not  leave  or  turn  the  switch  back  pn  If  you  didn't 
get  a  reading  the  first  tJon*.    This  will  help  prevent  internal 
damage  to  she  ammeter.    If  you  have,  problems  with  this  exercise, 
see  your  Instructor. 

(8)  Turn  OFF  the  power  (SPST).  L 

0  Exercise  4 

4.      Measuring  and  proving  current  fjow  is  the  "SAME"  in  a  series 
circuit. 

a.  You  will  use  all  three  ammeter,*  on  the  trainer  to  prove 
current  flow  is  the  "SAME"  in  a  series  circuit.    One  meter  is  already 
connected  from  exercise  3.    If  you  do  n)t  have  exercise  3  on  the 
trainer,  you  must  go  back  and  place  the  circuit  for  exercise  3  in 

the  trainer. 

b.  Jse  figure  5  (the  exercise  3  circuit  which  you  have 
already  bcilt)  and  the  two  other  ammeters  to  complete  this  exercise. 
Figure  6  shows  the  wlriug  diagram  to  use.    You  are  to  change  figure  5 
by  doing  steps  ^)  through  (3)  ,  then  use  the  remaining  steps  tc 
complete  t^iis  exercise. 

(1)  Connect  an  ammeter  between  points  3  and  4.  Remember 
the  polarity  of  the  (+)  and  (-)  of  the  ammeter  to  the  circuit.  The 
positive  lead  of  the  ammeter  will  go  to  the  most  positive  point  and 

the  negative  ammeter  lead  will  go  to  the  most  negative  point  of  the 
circuit . 

(2)  Connect  the  other  ammeter  between  points  5  and  6. 

(3)  Insure  the  ammeter  po^rity  is  correct,  on  all 
three  awmeters.  You  should  have  alx  three  ammeters  in  the  circuit 
as  shown  in  figure  6. 

(4)  Insure  the  circuit  breaker  is  pushed  in. 

(5)  Turn  ON  the  power  and  record  the  ammeter  readings 
in  figure  6.    If  you  do  not  get  a  reading  on  tne  ammeters  and/or  the 
circuit  breaker  pops,  and/or  fuse  wire  bums  in  two,  turn  OFF  the 
power.    Do  not  touch  the  circuit  wiring  and  see  your  instructor.  Do 
not  l*ave  or  turn  the  switch  back  on  if  you  didn't  get  a  reading  the 
first  time.    This  could  prevent  internal  damage  to  the  ammeter, 

(6)  If  ycur, answers  were  correct,  turn  OFF  the  power  to 

the  circuit. 

(7)  If  you  have  any  questions,  see  your  instructor  NOV*. 
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NOW. 


(8) 


If  yoi  have  incorrect  answers,  see  your  instructor 


(9)    Put  all  the  leads  in  the  drawer  if  you  fully 
understand  this  exercise. 

You  will  find  the  correct  answers  to  the  above  readings  on  page  11 
of  this  workbook.    Do  not  check  your  work  until  you  have  recorded  all 
of  the  readings  on  figure  6.  * 

Exercise  5 

5.  Series  circuit  with  only  one  load,  the  light  bulb, 

a-      In  this  exercise  you  will  see  the  difference  in 
super  age  that  was  created  by  removing  the  one  resistor  from  the 
circuit. 

b.  Build  a  series  circuit  like  the  one  shown  in  figure  7. 
As  you  can  see,  one  of  the  loads  has  been  left  out,  the  10  ohm 
resistor. 

c.  Continue  on  to  exercise  6. 

Exercise  6 

6.  Measuring  current  flow  in  a  series  circuit  with  only  one 
load  the  light  bulb. 

a.  Using  the  three  ammeters  take  amperage  readings  *t  the 
following  check  points  in  figure  8.    Record  these  findings  in  figure  8. 

b.  Notice  that  the  single  lamp  glows  brighter  than  it  did 
when  you  had  the  lamp  and  resistor  in  the  circuit.    WHY?  Because 
the  amperage  increased  in  the  circuit.    WHY?    Because  you  have 
removed  or  decreased  the  amount  of  resistance  (opposition)  in  the 
circuit.    Removing  the  resistor  decreased  the  total  resistance  of 

the  circuit.    As  a  result  ths  total  amperage  also  increases.  Remember, 
if  we  change  any  one  of  the  three  values  of  a  circuit  (voltage,  amperage 
or  resistance)  then  the  other  two  will  be  affected.    Tht   »re  resistance 
(ohwi)  you  have  in  a  given  circuit  the  smaller  the  amperage.    The  lower 
the  resistance  in  a  circuit  the  higher  the  amperage  will  be  if  the 
voltage  remains  constant. 

c.  Referring  to  the  one  lamp  circuit,  figure  8,  and  or* 
.he  trainer,  answer  the  following  questions, 

1.  The  single  lamp  circuit  has  ___„  (more/less)  resistance 
to  current  flow  than  the  two  load  circuit. 

2.  The  single  lamp  glows  brighter  because  the  total  current  in 
the  circuit  has    (increased/decreased). 
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3.     Uh«n  the  total  resistance  of  a  series  circuit  is  decreased, 

the  total  amperage' in  the  circuit  -  (increases/ 

decreases). 

Note:    Turn  Off  the  circuit  power  by  opening  the  SPST  switch 
and  pulling  p^ut;  the  circuit  breaker,  then  remove  sll  the  leads 
end, temporarily  store  them  in  the  storage  drawer. 

* 

You  will  find  the  correct  answers  to  uhe  *above  questions  on  page  11 
of  this  workbook.    Do  not  cheAk  your  <#ork  until  you  have  answered  all 
of  the  above  questions.    If  you  have  any. questions  about  the  work  thus 
far,  see  your  lab  instructor  right  NOW. 

Exercise  7 

7.     Construct  a  series  circuit  with  two  loads,  one  light  bulb, 
one  10  ohm  resistor,  as  follows: 

a.  '  Construct  a  series  circuit  as  shown  in  figure  9. 

b.  Set  up  your  aultimeter  to  measure  a  maxl inum  of  28V  DC. 
STOP  and  have  youx>  instructor  check  your  work  and  do  not  progress  until 
the  instructor  has  initialed  here.  

c.  with  the  circuit"  b re ake  s  pushed  in  and  the  swftch  in 
the  OFF  position.    Use  the  multimeter  and  take  the  following  voltage 
readings  and  record  them  in  figure  10  in  the  switch  OFF  column. 
Remember  the  following  when  using  the  multimeter: 

(1)  Be  sure  the  multimeter  is  set  up  correctly  before 
y take  your  measurements. 

(2)  Insure  the  multimeter  red  lead  Is  placed  on  the 
positive  side  of  the  load,  and  the  black  lead  placed  on  the  negative 
side  of  the  load  in  the  circuit.    See  figure  10  multimeter  leads. 

(3)  The  multimeter  when  used  for  voltage  readings  IS 
NOT  connected  in  series  like  an  ammeter,  BUT  in  parallel  in  the  series 
circuit . 

(a)  Anmeter  -  Series  (any  kind  of  circuit) . 

(b)  Voltmeter  (multimeter)  -  parallel  (any 

kind  of  circuit) . 

Note:    Because  the  SPST  switwi,  when  ih  the  OFF  position  has 
an  air  gap  between  its  contacts,  curretit  will  not  flow  through 
the  switch  or  the  circuit.    You  will  redd  voltage  across  the 
switch  in  the  OFF  position.    The  reason  *or  this  will  be 
explained  later  on  in  this  exercise. 

d.  With  the  circuit  breaker  IN  and  switch  ON  use  thz 
amxltimeter  to  measura  the  following  voltage  readings  and  record 
them  in  figure  10  in  the  switch  OF  column. 

e.  Refer  to  checkpoint  6  and  7,  figure  10* 
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(1)  With  the  switch  OFF,  point  6  and  7  had  a  reading 
of  approximately  28V  DC.    With  tha  witch  ON  point  6  and  7  read  zero 
(0)  volta.    WHY?    Bacauaa  tha  voltmeter  read*  a  difference  in  potential 
(voltage).    With  the  switch1  OFF  the  circuit  ia  divided  into  a  positive 
aide  and  a  distinct  negative  side.    The  voltmeter  reads  the  difference 
between  positive  and  negative  of  approximately  28V  DC. 

(2)  When  you' closed  the  switch  you  noticed  that  the 
voltmeter  dropped  to  a  reading  of  zero  (0)  volts  at  points4 6  and  7. 
By  connecting  6  and  7  together,  checkpoint  6  is  just  as  positive  as 
checkpoint  7.  There  is  NO  distinct  difference  between  positive  and 
negative  now. 

(3)  But  because  the  switch  is  closed  you  will  find  the 
TOTAL  (sum)  voltage  drop  across  the  two  (2)  loads  is  equal  to  the 
applied  voltage  at  the  bus  bars  or  the  voltage  across  the  open  switch. 

f.  Turn  OFF  the  power  to  the' circuit. 

\  • 

g.  If  you  have  any  questions  at  this  time,  see  your  instructor 

NOW. 

Exercise  8 

8.      Measuring  voltage  on  a  ground  circuit. 

a.  Use  the  same  circuit  you  constructed  in  figure  9  and  do 
the  follow*  <ig: 

(1)  Remove  the  ground  wire  between  points  1  and  2. 

See  figure  10. 

(2)  Take  two  leads  from  the  drawer,  connect  one  lead  to 
point  one  and  the  other  to  points  two.    See  figure  11. 

(3)  Connect  the  two  wires  lead  ends  together. 

b.  Tun  on  the  power  to  the  circuit  (SPST  switch), 

c.  Use  the  multimeter  and  measure  between  points  1  and  2f 
r   .ording  the  readings  in  figure  12. 

d.  With  the  power  still  turned  on,  multimeter  still  connected 
to  points  1  and  2,  disconnect  the  circuit  at  the  point  where  you  hooked 
che  two  leads  together.    See  figure  13. 

(1)    You  will  note  the  lamp  goes  out  and  the  multimeter 
aow  reads  about  28V  DC*    This  is  because  you  now  have  an  open  ground 
wire  (circuit)  between  points  1  and  2. 
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a.      With  the  power  st-11  turned  on*  multimeter  still 
connected  to  points  1  and  2,  reconnect  the  two  leads  in  the  ground 
circuit* 

(1)    Ycu  will  note  the  lamp  cooes  on  and  the  multimeter 
now  reads  OV  DC.    This  is  because  you  now  have  a  good  circuit  between 
points  1  and  2* 

f .  Remeiobar  a  voltage  reading  on  a  ground  wire  (circuit) 
indicates  an  open  ground,  and  a  0  zero  reading  on  the  ground  wire 
(circuit)  indicates, a  good  ground*    This  is  only  with  power  applied 
to  the  circuit* 

g.  .    Remove  all  the  leads  and  store  them  in  the  drawer  and 
report  to  your  instructor  for  a  progress  check  assignment. 
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Correct  responses  for  extrcisu  1  through  8  and  related  figun 


EXERCISE  3 

b.  (1)    aeries  * 

(2)  one 

(3)  fuse  wit's 

c.  (6)  1-2  1  amp  (Figure  5)±0.3  amps 
EXERCISE  4 

b.      (5)    1-2     1  amp  (Figure  6) ±0.3  amps 

3-4     1  amp  (Figure  6) ±0.3  amps 

5-6     1  amp  (Figure  6)±0.3  anos 


EXERCISE  6 


a. 


(1)  1-2 
3-4 
5-6 

TOTAL 


1.2  amps  (Figure  8) ±0.3  amps 
(Figure  8) ±0.3  amps 
(Figure  8) ±0.3  amps 
(Figure  8) ±0.3  amps 


1,2  amps 
1.2  amps 
1.2  amps 


c. 


1. 
2. 
3. 


less 

increased 
increased 


EXERCISE  7 


READINGS 


1  & 

2 

OV 

OV 

2  & 

3 

OV 

11V 

3  & 

4 

OV 

OV 

4  & 

5 

OV 

15V 

5  & 

6 

OV 

OV 

6  & 

7 

26V  ± 

4V  DC 

7  & 

8 

OV 

OV 

8  & 

9 

OV 

OV 

9  & 

10 

OV 

OV 

EXERCISE 

8 

c.      1  '& 

2 

0  V0lt9 

(Figurt 

±  3V  DC 


OV 


9 

i 
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PROGRESS  CHECK  INSTRUCTIONS 

Thi«  progress  chsck  will  require  you  to  correctly  construct  a 
series  circuit  and  measure  electrical  values  with  one  instructor 
assist  allowed  for  each  task  area.    Instructor  assist  for  each  task 
area  is  defined  as  an  aid,  such  as  technical  direction  or  explanation 
given  a  student,  who  can  proceed  no  further  on  hi  /her  own.  The 
instructor  will  initial  ,jur  work  after  you  satisfactorily  completed 
each  task  of  the  progress  check.    If  you  do  not  pass  the  progress 
check  you  will  follow  the  instructions  given  by  the  instructor. 

You  will  not  communicate  (talk,  etc)  with  other  students  dflti^ 
the-  progress  check  without  your  lab  instructor's  permission. 

You  wOl  not  use  fellow  student's  work  to  solve  the  problems  in 
this  progress  check. 

You  must  satisfsctorily  complete  this  progress  check  before  further 
progression  to  other  iab  .progress  checks . 

Have  your  instructor  select'  and  initial  on  page,  12  or  13  the  series 
circuit  progress  check  you  are  to  draw  on  figure  14.    Using  a  lead 
pencil  only,  draw  in  the  series  circuit  leads  between  the  various 
symbols.    Later  you  will  construct  this  circuit  on  .the  trainer.  After 
you  have  sstisfactorily  pompleted  the  progress  check,  you  will  follow 
the  instructions  on  page  14., 

Instructor's  initials.    Assigned  progress  check  fl. 


After  completion  of  each  task  listed  below,  dd  not  progress 
until  the  instructor  has  initialed  your  work  for  that  task. 

TASK  1       Draw  the  series  circuit  for  three  light  bulbs,  SPSI  switch, 
and  circuit  breaker  on  figure  14. 

Instructor's  initials.    Task  initials   ;  • 


TASK  2       Construcc  -;he  series  circuit  drawn  on  figure  14  on  the 

trainer  and  complete  an  operational  check  for  the  instructor, 

Instructor's  initials.    Task  initials  


TASK  3       Measure  and  record  the  electrical  values  required  below. 

Total  current  flow    amps. 

Total  voltage  to  the  circuit   

Voltage  drop  across  each  bulb  ■  (left) 

 _.  (center) 

.  (right) 


Instructor's  initials.    Task  initials 
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Turn  to  page  11+  for  further  instructions. 

Botei    If  the  instructor  provides  an  instructor  assist  for  a 
task,  ths  instructor  will  initial  behind  task  initials  (see 
objective). 


Instructor's  initials.    Assigned  progress  check  #2. 


After  completion  of  each  task  listed  below,  do  not  progress  until 
the  instructor  has  initialed  your  work  for  that  task. 

TASK  1      Draw  the  series  circuit  for  three  10  ohm  resistors,  SPST 
switch,  and  circuit  breaker  on  figure  11*. 


Instructor's  initials.    Task  initials 


TASK  2      Construct  the  series  circuit  drawn  on  figure  1J|  on  the 

trainer  and  complete  an  operational  check  for  the  instructor. 

 Instructor's  initials.    Task  initials  . 


TASK  3      Measure  and  record  the  electrical  values  required  below. 
Total  current  flow  amps* 

Total  voltage  to  the  circuit   volts 

  (left) 

Voltage  drop  across  each  resistor^  mm^  (center) 

  (right) 


\ 


1 

Instructor's  initials.    Task  initials 


Turn  to  page  1U  for  further  instructions. 

Hotel    If  the  instructor  provides  an  instructor  assist  for  a 
♦ask,  the  .instructor  will  initial  behind  task  initials  (see 
objective). 
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After  you  have  satisfactorily  completed  the  progress  check,  you 
will  do  the  foliating:  - 

1.  Put  all  the  good  leads  in  the  drawer  of  the  trainer. 

2.  Give  all  the  broken  leads  to  the  lab  instructor  with  the 
parts . 

3.  Place  the  work  table  in  the  down  position  on  the  trainer. 

4.  Return  the  multimeter  to  its  storage  cabinet.    Be  sure  the 
controls  on  the  aster  are  set  correctly  for  storage* 

5.  You  will  turn  in  your  work  to  the  lab  instructor  before  you 
leave  the  lab  area. 

Notes    tou  may  review  any  part  or  all  of  this  \ljprkbook  if  you 
wish,  but  your  work  will  not  leave  the  lab  area  without  the 
lab  instructor's  permission. 
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Figure  6, 

CHECKPOINT 
5-6 

S*e  page  11  for  correct  answers. 


AMPERAGE  READING 

  a-aps 

  amps 

  amps 


Gun 
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no 


o 

-o 
o 
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Figure  7. 
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AMMETER 


Figure  8. 


BLACK 


CHECKPOINTS 


1  *  2 

3   6r  4 

5  &  6 

Total  current 
See  page  11  for  correct  answerr 


AMPERAGE  READINGS 

  amps 

  amps 

  amps 

amps 
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i-)  1  &  2  (+) 

(-)  2  &  3  (+) 

(-)  3  &  4  (+) 

(-)  A  &  5  (+) 

(-)  5  &  6  (+) 

(-)  6  &  7  (+) 

(  •)  7  &  8  (+) 

f'-)  8  &  Q  (+) 

(-)  9  &  10  (+) 

See  page  11  t^r  correct  answers. 
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Figure  11. 


MULTIMETER 
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Figure  12. 

CHECKPOINTS  READINGS  SW,  ON 

1  &  2   V  DC 

See  page  11  for  correct  answers. 
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FOREWORD    *  / 

This  programmed  text  was  prepared  for  use  In  Course  3ABR42331, 
Aircraft  Environmantal§ystem  Mechanic.    The  material  contained  herein 
has  been  validated  wj^h30  students  from  the  subject  course.  Ninety 
percent  of  the  stu£tfnt  tested  achieved  or  surpassed  the  criteria 
established  in  tW  lesson  objectives.    Average  time  to  complete  this 
PT  wee  SO  minutes. 

OBJECTIVES 

1.  Use  Kirchhoff  fs  current  law  to  solve  for  unknown  values  in 
basic  electrical  circuits* 

2.  Use  Kirchhoff fs  voltage  lav  to  solve  for  unknown  values  in 
basic  electrical  circuits* 

3.  Use  Ohm's  lav  and  power  formulas  to  solve  for  unknown  values 
in  basic  electrical  circuits* 

Standard  of  Performance: 

A  minimum  of  8  out  of  the  10  unknown  values  must  be  correct. 

INSTRUCTIONS 

s 

This  programmed  text  presents  information  in  small  steps  called 
frames.    Carefully  study  the  written  material  and/or  schematic  in  each 
frame  until  you  are  satisfy  id  you  understand  its  contents.  Each_frame 
requires  you  to  select  true  statements,  solve  problems ,  efre-r— Specif ic 
instructions  are  provided  in  each  frame*    After  you  have  made  your 
response  on  the  response  sheet,  compare  your  answer  with  the  answer 
on  the  top  of  the  next  frame* 

If  you  are  correct,  go  on  to  the  next  frame.    If  you  are  incorrect 
study  the  frame  again  and  correct  your  mistakes  before  continuing.  If 
you  still  can't  understand  your  mistakes,  ask  your  instructor  for 
assistance.    Read  carefully,  select  the  correct  answer (s)  and  DO  NOT 
HURRY,    DO  NOT  MARK  IN  THIS  TEXT.    Be  sure  you  have  the  handout  (HO) 
in  front  of  you  called  RULES ,  LAWS  AND  FORMULAS. 


Supersedes  3ABR42231-PT-114A,  26  July  1971. 
OPR:    3370  TTG 

DISTRIBUTION:    X  f>(7  / 
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Frame  1 

A  parallel  circuit  is  a  pircuit  that  has  two  or  moie  pathw  for 
current  to  flow  through*    The  components  that  make  up  a- parallel 
circuit  are  arranged  so  that  current  will  have  more  chan  one  way  to' 
flow.    Start  tracing  at  the  negative  pole  of  the  power  source  and 
follow  all  the. paths  back  to  the  positive  circuit. 

Which  circuit(3)  below  is/are  PARALLEL  CIHCUIT(s)  and  write  their 
number (s)  on  the  response  sheet » 

 1  ^- — 


U3 

Answers  to  Frame  1:    2,  3,  6 
Frame  2 

\ 

The  illuatrations  \>eiow  are  parallel  circuit  diagrams* 


Which  statement  correctly  describes  parallel  circuits?  Write 
yo\.  -  answer  on  the  response  sheet  ♦ 

1.      Circuit  components  are  arranged  such,  that  all  the  current 
must  flow  through  the  only  path  provided. 

2*      Current  will  divide  and  flow  through  all  of  the  paths  provided* 


[ 


Answer  to  Frame  2:  2 


Frame  3 


Since  current  has  been  provided  with  more  than  one  path  in  which 
to  flow,  you  can  see  how  the  main  current  would  divide  and  flow  across 
each  of  the  paths.    How  much  of  the  current  flows  through  each  branch 
of  the  circuit  depends  on  how  much  resistance  is  in  each  branch* 
Certainly  there  will  be  more  current  flowing  in  a  branch  that  has  a 
small  resistance  than  there  will  be  in  a  branch  with  a  large  amount 
of  reeistauca*    Regardless  of  the  amount  of  current  flowing  across 
each  branch,  one  thing  is  certain,  the  "TOTAL  current  flow  iu  the 
entire  parallel  circuit  is  the  SUM  of  the  currents  flowing  through 
each  branch!11 


Write  the  letter  of  a  statement  b^low  that  describes  the 
characteristic  of  amperage  in  a  parallel  circuit  on  the  response  sheet. 

A.  Total  amperage  is  the  sum  of  all  the  amperages  of  the  branches. 

B.  Total  amperage  is  the  same  throughout  the  entire  circuit. 


II- 


j 


Answer  to  Frame  3:  A 


Frame  4 


If  you  recognize  total  amperage  as  being  the  SUM  of  tha  amperages 
throughout  the  circuit,  solve  the  problems  below.    Enter  your  answer 
in  the  proper  space  on  the  response  sheet. 


1. 


i  1 


■2* 


U  -la 


I*  -  9a 


«7i 


It  -  100a 


ERIC 


Answers  to  Frame  4:    1.    3a     2.    5a     3.    11a     4.  94a 

Frame  5 

Ittal  amperage  is  ALWAYS  the  SUM  of  the  amperages  in  a  parallel 
circuit.    Let's  consider  the  effect  of  voltage  in  a  parallel  circuit. 
Voltage  in  a  parallel  circuit  poshes  with  equal  pressure  across  all 
of  the  branches    Thus,  what  we  have  said  here  is:    Voltage  is  the 
SAME  across  each  path  in  the  circuit, 

Notice  what  happens  to  the  applied  voltage  in  the  diagrams  below. 


If  «w 


E2  -l2v 


It«K>0¥ 


E3"100v 


Below  are  some  parallel  problems*    Solve  the  problems  and  write 
/our  answers  in  the  spaces  provided  on  the  response  sheet. 


L-4» 


E2"7t 


*>72 


bt>7 

Answers  to  Frana  5:    1.     4V      2.     7V      3.     3V     4.  2V 

-  T  -  - 

Frame  6 

So  far  you  have  seen  that  amperage  Is  the  "SUM"  and  voltage  is  the 
"SAIE"  in  a  parallel  circuit.    Using  this  information  and  OHM'S  law, 
solve  the  problems  listed  below  and  write  your  answers  in  the  spaces 
provided  cm  the  response  sheet. 


673 

3 


U8 


Answers  to  Frame  6 
1. 


2. 


24V 

24 

E2 

■ 

24 

I 

3a 

■ 

la 

L 

m 

2a 

o 

t 

p 

9  AO 

R2 

F 

t 

F 

Ei 

?Av 

E2 

9  AV 
V 

I 

t 

m 

12a 

h 

4a 

\ 

8a 

Rt 

2J5 

h 

60 

'R2 

3£ 

Et 

8V 

Ei 

8V 

E2 

8V 

E3  -  8V 

I 

t 

33a 

2  a 

X2 

8a 

I-  -  20a 

E4  -  8V 

I,  -  3a 

4 

Frame  7 

Perhaps  you  noticed  while  you  were  working  the  problems  in  frame  6, 
that  the  total  resistance  (Rt)  was  even  less  than  the  smallest  resistor 

in  the  circuitl    If  you  didn't  notice,  go  back  and' look  at  the  Rt  value. 

How  can  this  be?    By  adding  jnore  resistors  in  parallel,  the  current  has 
more  paths  to  flow  through*    Therefore,  the  total  resistance  in  the 
circuit  must  be  lowered  to  allow  more  current  flow  from  negative  to 
positive. 

Which  statement  below  best  describes  resistance  in  a  parallel 
circuit?    Write  your  answer  on  the  response  sheet. 

1.  Adding  resistors  in  parallel  will  cause  resistance  to  increase 
and  amperage  to  decrease* 

2.  Adding  resistors  in  parallel  decreases  the  resistance  by 
offering  more  paths  for  current  to  flow,  therefore,  increasing 
the  amperage* 

3.  Total  resistance  is  the  sum  of  the  resistors  in  parallel. 

4.  Total  resistance  is  the  same  as  any  resistor  in  the  circuit. 


9 
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Answer  to  Frame  7:  2 


Frame  8 


Using  Ohm'^^v  and  the  characteristics  of  voltage  (same)  and 
amperage  (sum) ,  so3Rre  this  problem.    Pay  particular  attention  to  the 
total  resistance*    Write  your  answer  in  the  spaces  provided  on  the 
response  , sheet* 


Before  you  compare  your  answer  with  the  ones  on  the  next  page, 
did  you  find  the  total  resistance  (R  )  to  be  less  than  the  smallest 

resistor?    If  not*  work  the  problem  again. 


n  ~* 
i)  i  J 


10 


Answers  to  Frame  8: 

Et 

-  24V 

El 

-  24V 

h 

"  14V 

xt 

-  6a 

h 

-  2a 

h 

-  4a 

Rt 

-  4£ 

h 

-  12fl 

R2 

-  60 

Frame  9 

Match  the  terms  to  the  statements  on  the  left  by  writing  the  letter 
of  the  terms  on  the  right  in  the  appropriate  space  provided. 

 1.      Remains  the  SAME  throughout  the  a.  Current 

parallel  circuit. 
\  b.  Voltage 
 2.      Is  the  SUM  of  all  of  those  in  the 

parallel  circuit.  c.      Total  resistance 

<V 

,  3.      Is  SMALLER  than  the  smallest  in  the 

parallel  circuit. 
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Answers  to  Frame  9:,1.    b2*ii3.  £ 

*"*  x 
Frame  10  ' 

tyop  to  mathematically  solve  for  the  total  resistance  in  the  parallel 
.circuit  without  curtent  or  voltage  values  given  in  a  circuit  is  shown* 
below*    What  is  the  total  resistance?    It  can't  be  21  ohms  since  that 
isn't  "smaller  than  the  smallest  resistor/1 

Using  the  formula  shown  you  will  be  able  to  solve  for  any  R£  in  a 

parallel  circuit.    This  is  called  a  reciprocal  formula*    You  should  use 
scratch  paper  to  work  this  problem  below  .as  you  study  it  % 


\  m    i.   •  ■ 

*1     R2     R3     R4     R5  • 

Now  let's  take  only  what's  needed  from  this  formula  and  solve  for 
R£  in  the  above  circuit. 


R 


Rl     R2  R3 

Because  the  circuif  has  only  three  resistors  we  will  need  only 

part  of  the  formula  to  solve  R    for  the  above  circuit. 

t 


R 


t        1     ,1  ,.1 
30      60  120 

Now  substitute  the  resistive  values  into  the  formula. 

R    -  —L  

c      A-  +  i_  +  —  ~*  numerator 

30     60     120  +  denominator 

yln  any  fraction  the' top  number  is  called  the  numerator  and  the 
bottom  number  is  the  denominator,    The  lowest  common  denominator  (LCD) 
is  the  smallest  number  which  all  denomir«ators  can  be  divided  into  evenly. 
In  our  example  12  is  the  LCD,  (thfe  .smallest  number  3,  6,  and  12  can  be 
divided  into  evenly). 


(LCD)  12  *  30  -  4 
12+60-2 
12  +120-1 


12 
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m 

\  Frame  10  (Continued) 

Replace  the  resistive  values  with  equal  fractions  which  use  the  LCD 
as  their  denominators.    To  dc  this,  divide  the  denominator  of  each 
frection  (30,  60,  and  120)  into  the  LCD  and  enter  the  result  over  the 
LCD. 


R.  - 


c      i-  +  L.  +  i_ 
12      12  12 


i     ?  — i 

30-  I?"  3)12  * 


i_  ?  — i 

120  -  12  -  12)12 


12  T  12  12 


Now,  add  the  numerators,  4  +  2  +  1-1..    DO  NOT  add  the  LCD, 
simply  enter  the  sum  of  the  numerators  over  ttfe  LCD  (12) .  « 


R  - 


f      4  +  2  +  1 
12 


Rt-  7 


1 

12 

7_  .  ,7 


To  complete  the  problem  you  need  to  divide^-- into  1  (-jj  is  actually 

the  denominator  of  the  larger  fraction  and  1  is  the  numerator).  Dividing 
a  fraction  into  another  number  is  the  same  as  inverting  that  fraction  and 
multiplying  it  times  the  other  number. 


't 

1  t 

7 

12 

t 

1  X 

12 
7 

12 
7 

The  final  step  is  to  convert  this  fraction  into  a  whole  number. 
Do  this  by  dividing  the  denominator  into  the  numerator. 


1.71 

R.  -  7)12.00 
C  7 


\  -2 


50 

10  / 


Rt  -  1.710 


13  678 
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Frame  10  (Continued) 

Using  the  reciprocal  formula  solve  for  Rfc  in  the  circuits  below, 
Write  your  answers  on  the  response  sheet* 


2. 


I 


2 


series  circuit 


Note:    Compute  the  series  circuic 
first,  using  the  series  circuit 
rules* 


4, 


R9-4« 


1*  G™ 


V 


r 


\ 


Answers  to  Frame  10;    1,    1.80     2.*    2,090     3.    3,330     4,  1.920 

Frame  11 

The  next  formula  we  will  cover  is  the  product  over  the  sum,  which 
is  also  used  to  solve  for  total  resistance  in  a  parallel  circuit* 
This  formula  is  primarily  used  when  there  are  two  (2)  resistors  in 
parallel  whether  they  are  of  equal  value-OT  not. 

When  two  (2)  numbers  are  multiplied  the)  answJt  is  called  a 
product.    When  two  (2)  numbers  a«e~ldded  thfe  answer  is  a  sum.  Therefore 
this  formula  is  worked  by  multiplying  two  (2)  numbers,  then  adding  the 
same  two  (2)  numbers,  and  dividing- the  two  (2)  answers. 

For  the  circuit  shown  below,  we  will  ulve  for  R    using  the  product 

» t 

over  the  sum  formula.    The  formula  you  just  covered  in  the  last  frame 
could  al30  be  used,  however,  at  this  time  let's  use  the  product  over  the 
sum* 

. 

You  should  use  scratch  paper  to  work  this  problem  below  as  you 
study  it.   


\ 


v. 


S;ep  (1)  R 


(2) 


t      8  +  4  12 

(3)  Rt  -  ~  -  2.666G 

(4)  Rt  -  2.6660 

(5)  Rt  -  2.6*0 


9 

ERIC 


15 
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Frame  11  (Continued) 

Using  the  product  over  the  sum  formula  solve  for       in  the  circuit 
below.    Write  your  answer (s)  on  the  response  . sheet , 


i 


8. 


Rg-  16. 


T 
I 


T 

i 


R3-  2  jx 


NOTE:  Compute  the  total 
resistance  in  the 
series  circuit. 


i 


Rj-  32 .a  I  Rg-  8. 


esi 


16 


9 
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The  last  formula  we  vill  cover  is  the  resistive  value  over  the  total 
amount  of  like  resistors  in  parallel. 

This  forma  ^  is  primarily  used  to  solve  for  total  resistance  in 
piretlel  circuit  if  1^1  the  resistafc^e  values  in  parallel  are  equal. 
The  reciprocal  formula  shown  in  frame  10  .cy*  also  he  us,ed,  however  the 
formula,  shown  in  use  beloW,  is  easier  and  faster,  to  use  if  the  resistive 
values  are  equal  in  value. 

s  * 

You  should  use  scratch  r*P«  to  work^this  problem.^  * 


Step'(l)  Rt  -  |  £ 


(2)  R 


(3)  R    -  ~—  -  1-333 
c     j  ea 


(4)  R    -  1.333  -  i.33fi 


Ths  value  of  one  of  the  resistors  in  parallel 

if  they  are  all  equal  in  value. 

The  number  of  resistors  in  parallel. 

This  4fi  resistance  is  the  value  of  one  of 
the  4fl  resistors  in  parallel  only  if  all 
the  resistors  in  the  circuit  are  of  equal  , 
value. 

Thic  is  the  total  of  like  resistors  used 
in  parallel  with  each  other. 


(S>  R 


-  1.33fi 
J..333 


3)4.000 
3 

To 

_9 

10  ■ 

_9 
10 
_9 
1 


17 
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Frame  12  (Continued) 

Using  the  resistive  value  over  the  number  of  like  resistors  formula 
90lve  for  R  in  the  circuit  below.  Write  your  answer (s)  on  the  response 
ahuet • 


r 

r 


R,  '2a 


R4=  4A 


Note:    Solve  for  the  series  circuit  first. 


V 


4a 


V 


4SL 


3. 


R  '  In- 

" —  ; 

C  R  -  6.O.  \ 
9  2  « 

Note:    Solve  for  the  series  circuit  first. 


V 


5a 


R^-IOa 


R^*  IOA 


T  V- 


R^IO^. 


Note:    Solve  for  the  series  -circuit  first. 


18 


Gb3 


Answers  to  Frame  12:    1.    1.330      2.    l.Ofl      3.    2* Of.  2.  Of; 


When  determining  the  TOTAL  value's  in  a  parallel  circuit,  you  must 

dacide  whether  the  characteristic  to  use  is  the  SUM,  SAKE,  or  SMALLER 

THAN  THE  SMALLEST. 
 !  

In  the  space  provided  on  the  response  sheet,  write  the  character- 
istic beside  the  work  it  describes. 

a.  Voltage:   i 

b .  taper age :   , 

c.  Resistance:    


Frame  13 


r 


«  884 


Answers  to  Frame  13: 

*a.      Voltage:    is  tfe  same  through  the  parallel  circuit 

b.  Amperage:    Is  tho_^um  of  all  the  amperages  In  the  parallel  circuit 

c.  Resistance:    is  smaller  than  the  smallest  resistor  in  the 

parallel  circuit 

Frame  14 

SAME  (E)   VOLTAGE 

SUM  (I)    CURR1\..   „  TENSITY) 

SMALLER  THAN  TEE  SMALLEST    (R)  RESISTANCE 

If  you  remember  them  in  this  order >  it's  much  easier 

If  you  really  understand  these  cnaracteristics >  there  are  several 
problems  in  frame  15  that  will  help  you  see  how  true  those  characteristics 
are*    It  will  show  you  how  far  you  have  come  in  the  field  of  electricity 
and  electronics  tool 

You  should  be  able  to  solve  all  the  problems  in  frame  15  using 
Ohm's  Law. 

E  E 

E  •  IX  R,  I  ■  r,  R  ■  r  and  the  characteristics  of  parallel  and 

R  X. 

series  circuits. 

Characteristics  of  SERIES  CIRCUITS: 
SUM:    total  voltage  is  the  sum  in  a  series  circuit. 
SAME:    total  amperage  is  the  same  in  a  series  circuit. 
SUM:    total  resistance  is  the  sum  in  a  series  circuit. 

Characteristics  of  PARALLEL  CIRCUITS: 
SAME:    total  voltage  is  the  s<*me  as  any  voltage  in  the  circuit. 

SUM:    total  amperage  is  the  sum  of  all  the  ampercges  in  the  circuit* 

I  „ 

SMALLER  THAN  THE  SilALLEST:    total  resistance  is  less  than  the  smallest 

resistor , 

NO  RESPONSE  REQUIRED 

GS5 
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1. 


Frame  15 

Solve  the  following  and  write  the  answers  on  the  response  sheet. 

6. 


r 


■I  -50a 


I 


32a 


R--2JJ 


2. 


7. 


I 


r 

Rt-    (4)  Rx-5n  (|)  R2-3on  "I 


—   R  - 

  t  - 


Rj-20  R2-6fl 


3. 


•8. 


X 


E2-110V 


E  -12V 

rr-la 


V 


■40 


V— 
I2-2a 

V— 


4. 


L 


E    Ej-llOV  E2-  

It-2a       I^la  I2-la 
R£-550     Rj-   R2-1100 


9. 


IV 


18V 


V 

V 
pl- 


180 


V  _ 

V- 

R2-90 


® 


Et-24V     E  - 


V- 


V2. 


V 


V— 
V— 

R2-120 


10. 


X 


X-  R - 


t  — 
I  -6a 


V- 


21 


V- 


V- 
V- 


_  R2-60 
V- 


E3-12V 

4rR,"40 
j 

P.- 


9 
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CORRECT  RESPONSES  FOR  PARALLEL  CIRCUITS  in  Frame  15: 


Et-U0V      E  -110V  E:-110V 
I  »2«         Ij-la  I2-la 
R-55fl'     R^llOfl  R2-110£J 


Et-24V 


10. 


E  <4V 


I -4a  Ij»2a 
Rfc-6n  R1"12ri 


E2-24V 

I2-2a 

R2-12fi 


1  E^12V 
— ' —  t   

TV6* 

-L  r  -2fl 
P  «72W 


F.  -12V 


Via 


? 

P  "12W 


E3-12V 
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Environmental  Pneudraulics  Branch  3A&R42331-WB-111A 
Chanute  AFB,  Illinois  , 

PARALLEL  CIRCUITS  PERFORMANCE 

OBJECTIVES 

Using  a  DC  Fundamentals  trainer,  construct  a  parallel  circuit 
and  measure  electrical  values  with  onje  iastructor  assist  allowed  for 
each  task  area.  * 

EQUIPMENT 

Trainer  P/N  521685  DC  Fundamentals 
Multimeter 

SAFETY 

Caution:    Remove  watches,  ring^^facelets,  etc,  before 
starting  any  work  on  equipment.    It  is  also  good  safety  practice 
to  work  on  the  equipment  with  one  hand.    This  practice  reduces 
the  chances  of  receivings  electrical  shock  to  some  vital  body 
organ  when  working  with  electricity.    Also  remember  that  light 
bulbs,  resistors,  etc.,  do  get  hot  and  could  bum  the  skin. 

PROCEDURE 

Pay  close  attention  to  all  direjtions  thtf|  you  are  given  in 
the  workbook.    When  performing  in  the  workbook,  such  as  answering 
questions  or  recording  electrical  measurements,  if  your  response 
is  incorrect ,  restudy  the  information  with  instructor  assistance 
as  needed*    Do  not  hesitate  to  ask  the  instructor  questions*  You 
will  be  required  to  accomplish  several  exercises  and  have  some  of 
them  checked  by  your  instructor  before  you  move  to  the  next 
exercise.    You  will  also  find  that  many  of  the  exercises  have  the 
correct  answers  on  page  7  .    After  you  have  completed  all  the 
exercises  you  will  satisfactorily  complete  the  progress  check 
assigned  by  your  instructor.    Pages  12  through  16  may  be  removed 
for  your  convenience. 

When  you  leave  your  trainer  for  scheduled  or  unscheduled  breaks, 
complete  the  following  che  .list  before  you  go. 

1.  Insure  the  SPST  switch  is  turned  off  in  the  circuit. 

2.  Insure  the  28V  DC  bus  bar  has  all 'the  electrical  leads 
removed  from  it. 


Supersedes  3ABR42231-WS-114A,  29  June  1971. 
OPR:  3370TTG 
DISTRIBUTION:  X 
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3.  Insure  Wie  negative  (black)  bus  bar  has  all  the  electrical 
leads  removed  from\it, 

4.  Insure  tfc^  multimeter  is  properly  stored  during  this  period, 
a*      Insure  the  controls  are  properly  set  for  storage* 

b.  Leave  the  test  leads  attached  to  the  meter. 

c.  Wrap  the  meter  leads  around  the  instrument. 

d.  Place  the  meter  on  the  locker  shelf. 

5.  When  you  return  from  break,  take  the  same  meter  and  go 
back  to  work. 

Exercie^  1.    TRAINER  PREPARATION 

1.  The  metal  plate  on  the  right  side  of  the  trainer  may  be 
raised  for  your  workbook  to  lay  on. 

2.  Sign  out  a  multimecer.    See  the  lab  instructor  if 
assistance  is  needed, 

3.  Insure  that  the  instructor  has  connected  power  to  the 
trainer.    You  will\do  this  by  measuring  £he  power  with  the  multi- 
meter at  the  positive  (red)  and  negative  (black>  bus  bars.  These 
bus  bars  are  located  in  the  lower  right  Ad  left  hand  corners  of 
the  trainer.    If  you  don't  read  a  voltage  of  24  ±  4V  JC,  see  your 
instructor. 

4.  Insure  that  fuse  wire  is  ^across  the  fuse  holders  of  each 
of  the  three  (3)  ammeters  on  the  trainer.    This  will  protect  the 
ammetei's  internal  circuit  from  an  overload.    If  the  fuse  wire  is 
burned  in  two  or  is  missing »  see  your  instructor  for  assistance. 

5.  Pull  the  circuit  breaker  out  (open)  and  turn  OFF  (open) 
two  (2)  single  pole  single  throw  (SPST)  switches. 

6.  Insure  all  leads  in  the  drawer  are  in  good  condition 
with  a  plug  at  both  ends.  If  you  f ind  -any  damaged  leads,  give 
them  to  the  instructor. 

7.  Examine  the  electrical  lead  ends,  and  note  how  you  may 
connect  them  together  if  one  lead  is  too  short.    See  your  instructor 
for  assistance  if  needed. 

Exercise  2 

Note:    In  this  exercise  you  are  required  to  build  a  parallel 
circuit  with  two  (2)  loads  which  will  be  light  bulbs,  both 
sharing  one  conmon  ground  wire.    Follow  the  steps  given 
following. 
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1*     Using  the  electrical  leads  from  the  drawer,  construct  the 
circuit  shown  ifr  figures  1  through  3,  consisting  of  a  circuit  breaker, 
SPST  switch,  and  two  l^h%  bulbs. 

Note:    If  an  electrical  lead  to  too  short  you  may  connect  leads 
together  to  prevent  stretching  or  breaking  them, 

2.  Before  applying  power  to  your  circuit,  be  sure  you  have 
one  path  for  current  flow  from  the  negative  bus  bar  to  the  lights. 
Tracing  from  negative  to  positive,  electrons  first  go  to  the  common 
aide  of  both  lamps  and  from  there  they  can  go  two  different  paths . 
One  is  through  the  first  lamp  and  che  other  is  through  the  second 
lamp.    The  electrons  (current)  will  rejoin  again  at  the  common 
positive  side  of  the  light  that  is  closest  to  the  SPST  switch, 

and  follow  one  path  to  the  positive  bus  bar.     (You  hcve  formed  a 
parallel  circuit  at  the  lights.) 

STOP  and  have  your  instructor  check  your  work  at  this  time. 

3.  After  the  instructor  has  checked  the  circuit  and  with 
the  instructor  present,  do  the  following: 

a.  Push  the  circuit  breaker. 

b.  Turn  the  single  pole  single  tkrow  (SPST)  switch  ON. 
The  lamps  should  now  light.    If  the  lamps  do  not  light,  turn  OFF 
the  SPST  switch  and  ask  the  instructor  for  assistance. 

c.  If  the  lamps  light  and  everything  appears  OK, 
,  turrf  zhe  SPST  switch  OFF. 

STOP  and  have  your  instructor  initial  here  before  you  proceed. 


Exercise  3 

1.     Measuring  and  proving  current  flow  is  the  sum  in  a 
parallel  circuit. 

a.  You  will  use  all  three  (3)  ammeters  on  the  trainer  to 
prove  current  is  the  sum  of  all  the  currents  in  a  parallel  circuit. 
Refer  to  figure  3  for  the  circuit  construction.    As  you  can  see, 
this  is  the  same  circuit  you  have  previously  done.    Refer  to  figure  4 
for  the  amneter  hookup. 

b.  Using  figure  4  in  the  exercise,  you  should  have  done 
the  following  in  hooking  up  the  ammeter. 

(1)    Connect  an  ammeter  between  checkpoints  2  and 
4  remembering  the  polarity  of  the  +  and  -  of  the  ammeter  to  the 
circuit.    The  positive  lead  of  the  ammeter  will  go  to  the  most 
positive  point  and  the  negative  ammeter  lead  will  go  co  the  most 
negative  point. 
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(2)  Connect  an  ammeter  between  points  3-5. 

(3)  Connect  an  ammeter  between  points  7*8. 

(4)  Insure  the  polarities  on  all  three  meters  are 

corr  ec  t . 

(5)  Turn  on  the  power  and  record  the  ammeter  readings 
it*  figure  4.    If  you  do  not  get  a  reading  on  the  ammeter  and/or  the  * 
circuit  breaker  pops,  or  the  fuse  wire  burns  in  two,  turn  OFF  the 
pwer.    Do  not  touch  the  circuit  wiring  and  see  your  instructor.  Do 
not  leave  or  turn  the  switch  back  on  if  you  didn't  get  a  reading 

the  first  time*    This  could  prevent  internal  damage  to  the  meter. 

(6)  Check  your  readings  you  have  recorded  from 
figur#y4  and  if  they  were  correct,  move  on  to  the  set  of  questions. 
If  your  readings  were  wrong,  check  with  your  instructor  before 
going  on* 

Answer  the  following  questions  using  the  information  given 
so  far  in  this  workbook. 

1.  A  parallel  circuit  provides  at  least   paths  of 

current  flow  in  the  circuit. 

2.  Total  current  flow  in  a  parallel  circuit  is  the  . 


3.      An  ammeter  is  hooked  in   with  the  rest  of  the 

circuit. 

See  page  7    for  answers. 

> 

If  your  answers  co  the  last  set  of  questions  are  correct, 
proceed  on.    Turn  off  the  power  to  the  circuit  and  put  all  the  leads 
in  the  drawer  if  you  fully  understand  the  exercise.    If  any  questions 
arise,  be  sure  to  ask  the  instructor  for  assistance. 

Note:    In  the  previous  exercise  yoil  proved  that  total  current 
in  a  parallel  circuit  is  the  sum  of  all  the  currents  in  the 
circuit.    Also  that  current  in  a  parallel  circuit  must  have 
two  or  more  paths  to  follow. 

Exercise  4 

1.      Measuring  and  proving  that  an  increase  in  the  number  of 
paths  of  current  flow  will  increase  the  total  current  in  the  whole 
circuit . 

a.  ,  Using  figure  5  and  three  lights  in  parallel,  construct 
and  measure  tjhe  current  in  a  three  load  circuit. 

b.  Hook  up  the  circuit  in  figure  5.    Notice  that  the 
circuit  is  just  about  the  same  as  figure  49  but  you  have  connected 
in  one  more  light  and  are  now  using  only  two  ammeters. 


5 

692 


(1)  By  hooking  the  ammeter  between  the  cirault^ 
breaker  and  the  switch,  you  are  measuring  the  total  circuit  current. 
Also  the  second  antmeter  indicates  the  amperage  in  one  light  bulb 
which  would  be  approxiiaately  the  same  for  all  the  light  bulbs. 

(2)  If  you  compare  the  two  light  bulb  circuit  in  the 
previous  exercise  to  the  total  reading  in  this  exercise,  you  can 
see  that  by  adding  one  more  path  of  current  flow  (3rd  light)  the 
total  current  wi$4^-acrease. 

(3)  Record  the  amperage  readings  on  figure  5,  and 
^heck  your  answer 3.    Then  proceed  on  to  answer  the  following 
questions. 

Note:    If  you  have  any  questions  up  to  thi3  point,  please  ask 
your  instructor. 

Aftswer  the  following  question*  using  the  information  given 
so  far  in  this  workbook. 

1.  The  current  in  a  parallel  circuit  is  the  same/sum   

2.  Adding  more  paths  in  a  circuit  will*  increase/decrease  the 
total  circuit  current.   


3.      An  ammeter  is  hooked  in  parallel/series  with  the  circuit 
being  measured. 

See  page  7    for  answers. 

If  you  have  any  questions,  please  ask  your  instructor  at  this 

time. 

Take  apart  the  circuit  and  proceed  to  the  next  exercise. 

Exercise  5 

1.      Measuring  and  proving  voltage  is  the  same  in  a  parallel 
cf  cult. 

a.  Using  figure  6  as  a  guide,  construct  the  circuit 
indicated  on  the  trainer  and  take  the  voltmeter  readings  at  the 
points  indicated. 

b.  Record  your  findings  of  the  exercise  and  check  your 
answers  on  page    7  •    If  y°u  are  having  trouble  connecting  the  circuit 
ask  your  instructor  for  assistance.    After  you  have  connected  the 
voltmeter,  take  the  readings  at  the  indicated  checkpoints  and 

record  your  answers  on  figure  6.  If  you  receive  the  correct  readings, 
take  the  circuit  apart,  and  proceed  to  the  progress  check,  page    3  . 
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ANSWER  SHEET 
E»rcia*  3 
1.    tjo  or  more 


69t 


Figure  4 

2-4  1.3  ±  .5  amps 

2.  sum                                  3  -  5'  1.3  ±  .5  asps 

3.  series                              7-8  2.5  ±  .8  amps 


:e^ise 


ExerUse  4  Figure  5 

l«    8uTB  4-6        1.3  ±  .5  amps 

2.  increase  9-10      4.2  ±  .3  amps 

3.  series 

Exercise  5  Figure  6 

1-2  24  ±  4V  DC 
3-4        24  ±  4V  DC 
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PROGRESS  CHECK  INSTRUCTIONS 

This  progress  check  ^111  require  you  to  correctly  construct  a 
parallel  circuit  and  measure  electrical  values  with  one  instructor 
assist  allowed  for  each  task  area.    Instructor  assist  for  each  task 
area  is  defined  as  an  aid,  such  as  technical  direction  or  explanation, 
given  a  student  who  can  proceed  no  further  on  his/her  own.  The 
instructor  will  initial  your  work  after  you  have  satisfactorily 
completed  each  task  of  the  progress  check.    If  you  do  not  pass  the 
progress  check  you  will  follow  the  Instructions  given  by  the 
instructor . 

You  fill  not  communicate  (talk,  etc.)  with  other  students 
during  the  progress  check  without  your  lab  instructor's  permission. 

You  will  not  use  fellow  students1  work  to  solve  the  problems 
in  this  progress  check. 

You  must  satisfactorily  complete  this  progress  check  befoie 
further  progression  to  other  lab  progress  checks. 

Have  your  instructor  select  and  initial  on  pages  9  10 
the  parallel  circuit  progress  check  you  are  to  draw  on  figure  7. 
Using  a  lead  pencil  only,  draw  in  the  parallel  circuit  leads 
between  the  various  symbols.    Later  you  will  construct  this  circuit 
on  the  trainer.    After  you  have  satisfactorily  completed  the 
progress  check,  you  will  follow  the  instructions  on  page  II* 
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Instructor1*  Initials.    Assigned  progress  check  #1.  ' 


Complete  each  task  listed  below.    Do  not  go  on  until  the  instructor 
has  Initialed  your  work  for  that  task. 

Task  1       Draw  the  circuit  for  a  10  ohm  resistor  in  parallel  with  a 

light ,  with  a  circuit  breaker  and  a  SPST  switch  on  figure  7. 

  Instructor's  Initials  Task* 


Task  Initials 


Task  2       Construct  the  parallel  circuit  drawn  on  figure  7  on  the 

trainer  and  complete  arjToperational  check  Jfor  the  instructor. 


Instructor's  Initials  Task  Initials 


Task  3       Measure  and  record  the  electrical  values  required  below. 

The  total  current  flow  .  (amps) 

The  voltage  acrpss  the  resistor  .  (volts) 

t   ■    ■  ■ 

The  voltage  across  the  light  .  (volts) 

Task  Initials   

  Instructor's  Initials 

Turn  to  page  11  for  further  instructions. 

Note:    If  the  instructor  provides  an  instructor  assist  for  a 
task,  the  instructor  will  initial  behind  the  task  initials 
(see  objectives). 
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Instructor's  Initials,    Assigned  progress  check  #2. 


After  completion  of  each  task  listed  below,  do  not  progress 
until  the  instructor  has  initialed  your  work  for  that  task. 

Task  1       Draw  the  parallel  circuit  for  two  10  ohm  and  one  500  ohm 
resistors.    The  circuit  must  also  contain  a  SPST  switch 
and  a  circuit  breaker.    Make  your  drawing  on  figure  7. 

  Instructor's  Initials,  Task  Initials   


Task  2       Construct  the  parallel  circuit  drawn  on  figure  7  on  the 

trainer  and  complete  an  operational  check  for  the  instructor, 

  T-r-ructorfs  Initials.  Task  Initials 


Task  3       Measure  and  record  the  electrical  values  required  below. 

The  total  cur^nt  flow   ,amps. 

The  voltage  across  left  resistor   Volts. 

The  voltage  across  right  resistor   volts. 

The  voltage  across  500  ohm  resistor   volts. 

The  total  voltage  volts. 

Task  Initials  . 

 Instructor  fs*  Initials 


Turn  to  page  11  for  further  instructions. 

Note:    If  the  instructor  provides  an  instructor  assist  for  a 
task,  the  instructor  will  initial  behind  the  task  initials 
(see  objectives) . 
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After  you  have  satisfactorily  completed  the  progress  check  you 
will  do  the  following:  * 

1.  Put  all  the  good  leads  in  the  drawer  of  the  trainer. 

2.  Give  the  broken  leads  to  the  lab  instructor  with  the  parts, 

m 

3.  Place  the  work  table  in  the  lovn  position  on  the  trainer. 

4.  Return  the  multimeter  to  its  storage  cabinet.    B$  sure 
the  cpntrols  on  the  meter  are  set  correctly  for  storage. 

/ 

5.  You  will  turn  in  your  work  to  the  lab  instructor  before 
you  leave  the  lab  area.  * 

Note:    You  may  review  any  pajrt  or  all  of  thi|Ts<orkbook  if  >s- 
you  wish,  but  your  work  will  not  leave  the  lab  a^ea  without 
the  lab  instructor's  permission. 


i 


ii 


698 


*T3 


Exercise  2,  Figures  1  through  3. 


Figure 


O 
O 

o 
o 

BLACK 


Note:    Firsr  light  ground  (negative  side  of  load) 

Second  light  ground  (negative  side  c*  the  load) 
and  common  ground  for  BOTH  lights- 
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Exercise  3 


Figure  4. 


CHECKPOINTS 


2-4 

3  -  5 
7  -  L 


AMPERAGE  READINGS 


amps 
amps 

amps  (TOTAL) 
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Exercise  4 


Figure  5. 

CHECKPOINTS  AMPERAGE  READINGS 

4-6   amps 

9-10    amps 


'  1 1 

14 


Exercise  5 


RED 


BLACK 


Figure  6. 


CHECKPOINTS 
1-2 
3-4 


VOLTAGE  READINGS 

  volts 

  volts 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  3ABR42331  Aircraft 
Environmental  Systems  Mechanic's  Course.    The  materials  contained  herein 
were  validated  with  students  from  the  subject  course*    At  least  90%  of 
the  students  taking  this  text  achieved  or  surpassed  the  criteria  es'  blished 
in  the  lesson  objectives.    The  average  time  for  completion  of  this     ;xt  was 
6  hours  and  15  minutes. 


OBJECTIVES  % 

!•      Use  Kirchhoff fs  current  law  to  solve  for  unknown  values  in  basic 
electrical  circuits.    A  minimum  of  8  cut  of  10  unknown  values  must  be 
correct* 

2.      Use  Kirchhoff fs  voltage  law  to  solve  for  unknown  values  in  basic 
electrical  circuits.    A  minimum  of  8  out  of  the  10  unknown  values  must 
be  correct* 

3*      Use  Ohm's  law  and  power  formulas  to  solve  for  unknown  values  in 
basic  electrical  circuits.    A  minimum  of  8  out  of  the  10  unknown  values 
must  be  correct* 

4%      Using  schematic  diagrams  of  electrical  circuits,  malfunction 
indications,  and  meter  readings,  select  the  type  of  trouble  for  a  minimum 
of  8  out  of  10  indications, 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called  frames* 
Carefully  study  the  written  material  and/or  schematic  in  each  frame  until 
you  are  satisfied  you  understand  its  contents.    Each  frame  requires  you  to 
respond  to  the  information  in  some  way*    For  example,  you  may  be  required 
to  select  true  statements,  solve  problems,  etc*    Specific  instructions  are 
provided  in  each  frame.    After  you  have  made  your  response  on  the  response 
she  tt  compare  your  answer  with  the  answers  given  on  the  top  of  the  next 
frame*    If  you  are  correct,  go  on  to  the  next  frame.    If  you  are  incorrect, 
study  the  frame  again  and  correct  your  mistakes  before  continuing*  If 
you  still  can't  undarstand  your  mistakes,  ask  your  instructor  for  assistance. 
Read  carefully,  select  the  correct  answer (s)  and  DO  NOT  HURRY*    DO  NOT  MARK 
III  THIS  TEXT* 

SPECIAL  INSTRUCTIONS 

As  you  complete  this  PT  you  should  have  a  copy  of  the  laws  and  formulas 
(Handout  3ABR42331-H0-101B)  in  front  of  you  for  easy  reference. 

There  are  a  number  of  frames  in  this  PT  In  which  the  answers  are  not 
given*    In  these  frames  you  are  told  to  have  the  instructor  check  your 
answers*    These  frames  have  been  included  in  the  PT  for  a  distinct  purpose* 
Do  not  proceed  any  further  In  the  PT  until  you  have  had  your  answers 
checked.    For  example,  frame  13  requires  you  to  have  the  instructor  check 
your  answers.    Do  not  proceed  to  frame  14  until  your  answers  to  frame  13 
have  been  checked. 
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You  have  just  made  a  study  of  series  and  parallel  circuits.  Many 
circuits  consist  qf  both  series  and  parallel  units,    A  circuit  of  this 
type  will  be  called  a  seriee-parallel  circuit.    No  new  formulas  or  laws 
are  needed  to  solve  for  unknowns  in  series-parallel  circuits.    The  only 
laws  and  formulas  that  you  will  need  are  in  the  handout  that  should  be 
in  front  of  you  this  time. 

Frame  1 

Do  not  start  this  frame  unless  you  have  a  copy  of  the  laws  and  formulas 
in  front  of  you.    See  your  instructor  for  them  if  necessary. 

A  series-parallel  circuit  is  shown  below.    In  this  circuit  R2  and  R3 
are  connected  in  parallel  with  each  other,         is  connected  in  series  with 
the  parallel  combination  of  R2  and  R3. 


1 


R2 


R3 


Mark  the  correct  answer  for  each  of  the  following  questions  on  the  response 
sheet.    Use  the  circuit  shown  below, 

1.  The  two  resistors  which  are  in  parallel  with  each  other  are 

a.  R3  and  R4, 

b.  Rj  and  R2. 

c.  R2  and  R3. 

d.  Rj  and  R4. 

2.  The  circuit  shown  is  a 

a.  series  circuit. 

b.  parallel  circuit. 

c.  series-parallel  circuit. 


r 
I 


-WNr 
Rl 


■A/W- 
R2 


-VW- 
R3 


R4 
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Answers  to  Frame  1:  j*  2  •  jc 
Frame  2 


No  new  laws  or  formulas  are  needed  to  solve  series-parallel  circuits. 
In  this  PT  we  will  review  each  of  the  laws  and  formulas  with  you.    In  the 
circuit  shown  below  we  want  to  find  Ij.    Applying  Kirchhoff fs  current  law 
to  junction  1,  the  sum  of  the  currents  flowing  into  junction  1  is  equal  to 
2  +  1  +  3  or  6a.    Since  6a  flows  into  junction  1,  6a  must  leave  junction  1. 
Thus,  Ii  »  6a. 

DO  NOT  MARK  ON  THIS  PAGE 


Using  Kirchhoff fs  current  l*w  from  your  handout,  solve  for  the  unknown 
currents  in  each  of  the  following  circuits.    Put  your  answers  on  the 
appropriate  blanks  on  the  response  sheet . 


1. 


2. 
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Answers  to  Frame  2:    1.  Ii  31  6a      2,  I\  -  Aa      3.  I^  =»3a     A,  1^  =  Aa 

12  a  6a  I4  ~  Aa  It  -  Aa 

I4  =  Aja  It  =  A_a 

5.  I3  -  3a 
I4  3  6a 

Frame  3 

Kirchhoff fs  voltage  law  is  also  used  to  solve  for  unknowns  in  a  series- 
parallel  circuit.     In  the  circuit  shown  below  we  want  to  find  Et.  To  find  Et 
we  need  to  know  all  the  voltage  drops  around  a  closed  path.     Since  we  do  not 
know  the  voltage  dropped  on  R3  and  Rg,  we  will  not  use  the  path  in  which  they 
are  located.    Instead  we  will  use  the  R5,  R^,  R£,  and  Rj  path.  Apply 
Kirchhoff  fs  voltage  law  to  chis  path.    We  have  6  +  3+  6  +  10  =*  25V,  Thus, 
Et  »  25V.  & 

DO  NOT  MARK  ON  THIS  PAGE 


Using  Kirchhoff fs  voltage  law  from  your  handout,  solve  for  the  unknown 
voltages  in  each  of  the  following  circuits.    Put  your  answers  on  the 
appropriate  blanks  on  the  response  sheet. 
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Ef«24V 
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E4»4V 
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Answers  to  Frame  3:  1.  Et  »  26V,    2.  Et  -  24V,    3.  E2  -  3V,    4.  E4  -  4V, 

E5  =  10V 

5.  Ei  -  8V 

Frame  4 

Ohmfs  law  formulas  are  also  used  to  find  unknowns  in  series-parallel 
circuits.    In  the  circuit  shown  below  we  want  to  find  I1#    When  using 
Ohm's  law  formulas  be  sure  that  the  values  used  are  for  the  same  component • 
For  example,  to  find  It  we  would  use  Ei  and  Rj^    Thus,  Ii  =»  Ej/Ri  =  12/4  -  3a. 

DO  NOT  MARK  ON  THIS  PAGE 


Using  Kirchhoff's  voltage  and  current  law  and  Ohm's  law  formulas, 
solve  for  the  indicated  unknowns  in  each  of  the  following  problems.  Write 
your  answers  on  the  response  sheet. 
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Answers  to  Frame  4: 

1.  IL  -  3a,    E3  -  2V,  E4 

Ri  -  2n,  i4 

RA 


7*4 


4V,    2.  Et  =»  18V,  IX 

la  It  a  3a 

4  n 


3a,      R3  =  12Q 


Frame  5 


^  Now  let's  look  at  how  to  find  the  total  resistance  In  a  series-parallel 
circuit.    Since  R3  and  R4  are  in  parallel  with  each  other  in  circuit  A,  we 
can  use  either  the  "product  over  the  sura  formula"  or  the  "reciprocal  formula" 
to  find  the  series  equivalent  resistance  of  R3  and  R4.    Using  the  "product 
over  the  sum  formula"  we*  have 


l34 


R3  X  R4 
R3  +  R4 


12  X  6 
12  +  6 


72/18  =  4  ohms. 


Circuit  B  is  the  same  as  circuit  A  except  we  have  replaced  R3  and  R4 
by  their  series  equivalent  resistor  K^>4,    Now  we  have  a  series  circuit. 
In  a  series  circuit  the  total  resistance  is  equal  to  the  sum  of  the 
Individual  resistances,    Thus,  Rt  3  16  +  6  +  4  =■  26  ohms. 

Note:    To  find  the  total  resistance  of  a  series-parallel  circuit, 
first  find  the  series  equivalent  resistances  of  the  parallel  parts 
and  Chen  you  just  have  a  series  circuit. 

DO  NOT  MARK  ON  THIS  PAGE 


— vw 

Rl -I6.fi  R2=6n 


.1 


-vw- 


I   - — w  v-^wv — 

I  Rl  =  l6-f\ 


I 


-AAAr- 


R34=4/\ 


B. 


712 
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Frana  5  (Conr.'d) 


10 


Answers  to  Frame  5: 

1.  Rt  *  170,    2.  1^  ~  230,      3,  Rt  -  28fl, 


70S 


lt  3  2^>5flt    5.  Rt  «  16£ 
Frame  6 


To  find  power  yu  use  the  formula  P  *  IX  E.    The  total  power  in  ANY 
circuit  is  equal  to  the  sum  of  the  powers  used  in  the  individual  units. 
This  can  be  expressed  as  a  formula  by  pt  81  pj^+  P2  +  P3* 

Solve  for  all  indicated  unknowns  in  the  circuits  shown  below.  Put 
your  answers  on  the  appropriate  blanks  on  the  response  sheet. 


1. 


I 


AW — 
P,=6t 


E|I2V 
^20 


AW-- 


-±r  I|  -3a 

—  Er,4V  R|=2A 


11 
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Answers  to  Frame  6:  x9  42W,  2.  Ei  =»  6V,    I2  =»  la,    E3  a  8V 

pi  =  lsw,  r2  -  sn ,  R3  -  An 

P2  -  8W     P3  =  16W 

Frame  7 

So  far  in  this  PT  we  have  reviewed  all  the  formulas  and  laws  that  are 
on  your  handout.    We  have  seen  how  they  are  used  to  solve  for  unknowns  in 
series-parallel  circuits*    Remember,  if  you  can't  apply  one  law  to  a  parti- 
cular circuit,  try  using  a  different  one  until  you  find  one  that  can  be  used. 
In  this  and  the  next  two  frnmes  we  will  solve  the  problem  shown  below  step- 
by-step  with  you.    Since  we  do  not  have  any  voltage  readings  we  cannot  use 
Kirchhoff's  voltage  law.    However,  we  can  use  Kirchhoff's  current  law. 
Since  there  are  3a  that  leave  the  battery  there  must  be  a  3a  that  flow 
through  R4,    Fill  in  3a  for  T4  on  the  response  sheet.    Applying  Kirchhoff fs 
current  law  li  junction  A  we  have  3a  flowing  into  junction  A.    Thus,  there 
must  be  3a  leaving  junction  A.    Since  2a  flows  through  R;},  la  must  flow 
through  R2.    Fill  in  la  for  I2.    The  sum  of  the  currents  flowing  into 
junction  B  (I2  +  I3)  is  equal  to  the  current  leaving  junction  B.  Thus, 
3a  leaves  junction  B  and  1^  =»  3a.    Fill  in  3a  for  Ip 

DO  NOT  MARK  ON  THIS  PAGE 
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No  further  response  required,  proceed  to  the  next  frame. 
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Frame  8 


This  is  the  same  circuit  as  in  the  last  frame.    The  values  for  12, 
and  I4  that  you  found  in  frame  7  have  been  filled  in  for  you.    We  still 
don't  have  enough  information  to  use  Kirchhoff's  voltage  law.  However, 
we  can  use  the  Ohm's  law  formula  E  "  I  X  R  to  find  Ei,  E2,  and  E4. 
El  »  Ix  X  Rx  -  Z  X  6  -  18V.    E2  -  12  X  R2  =■  1  X  6  -  6V. 

E4  ■  I4  X  R4  -  3  X  A  -  12V.    Fill  in  these  values  on  the  correct  blanks 
on  the  response  3heet.    We'll  finish  the  problem  in  the  next  frame. 


-4r  £,»  y 


lt=3o 


i,«_25- 


e3«  y 


No  further  response  require.d,  proceed  to  the  nsxt  frame. 
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7"  o 

Frame  9 


We  will  finish  the  problem  we  started  In  frame  7*    We  have  filled  In 
the  values  that  we  have  found  so  far.    Now  we  can  use  Klrchhoff fs  voltage 
law.    Applying  K<rchhofffs  voltage  law  to  the  path  that  contains  Ra,  R2» 
and  Ri  t  we  have  Et  -  E4  +  E2  +       *  12  +  6  +  18  »  36V.  Jill  In  36V  for 
Et.    we  now  can  use  Kirchhoff's  voltage  law  to  find  E3  ripply  Klrchhoff fs 
voltage  law  to  the  path  that  contains  R$,  R3»  and  Rj.    We  have  Et  *  E4  + 
E3  +  Ei.    Substituting  we  have  36  -  12  +  E3  +  18.    Subtracting  30  from  36 
we  have  E3  *  6V.    Fill  In  6V  for  E3  on  the  response  sheet. 

Mow  we  can  use  Ohm's  law  formula  R  *  E/l  to  find  Rt  and  R3 
Rt  -  Et/It  -  36/3  *  12  ohms.    R3  =*  E3/I3  ■  6/2  *  3  ohms.    Now  the 

problem  Is  solv^ 


E>=I8V 

 V  I,a  3  0 

T  It=  3o  Rp6Tl 


-wv 


No  further  response  required,  proceed  to  the  next  frame. 


14 

?17 


Frame  10 


Solve  each  of  the  following  problems  for  the  Indicated  unknowns. 
Put  your  answers  on  the  appropriate  blanks  on  the  response  sheet. 


■Wr— 
Ej=8V 


■Wr 


6j»4V 


I? 


R|3   -TL    R»"  A 


V. 


-vw  

Rj»  .n. 


Hi* 


7is 
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ii 

■4a  Ij 

ii 

E3 

-  3a  Ea 

-  M 

*1 

-  2Q  R2 

■ 

in 

J 

-  40 

- 120 

Pt 

Pi 

-  32W  P? 

i  m  *0 

m 

16W 

P-} 

*  36W  P4 

-  12W 

2. 

It 

■  i* 

El 

"  12V  E2 

m 

12V 

E3 

■ 

Rt 

-  4o 

II 

-  6a  I, 

m 

2a 

*3 

■  4a 

3. 

It 

"  4* 

E2 

•  8V  E, 

—  3 

m 

2V 

Ea 

■  6V 

Rt 

"  IE 

R, 

-  8n  i3 

in  ■  J 

m 

3a 

Ia 

"  li 

*3 

m 

.660 

Frame  11 

In  the  circuit  shown  we  want  to  find  the  value  of  Rt.    To  establish 
a  procedure  for  solving  series-parallel  circuits  we  will  work  this  problem 
step-by-step  with  you.    As  you  complete  each  of  the  following  steps  place 
a  check  on  the  blank  by     *e  number  of  that  step  on  the  response  sheet. 


I 


I2=lo 
R2s9/\ 


DO  NOT  WRITE  IN  TEXT 

First  draw  the  above  circuit  on  scratc!    >aper  with  all  the  E,  I,  R, 
known  and  unknowns,  along  with  the  letter  for  points  A,  B,  C,  and  D  as 
shown  below. 


o 


vv 

♦    Frame  11  (Cont'd) 

1.  Examining  the  circuit  you  can  sea  the  first  step  in  this  circuit 
should  be  to  selve  for  E2.    Why?    Because  only  Ohm's  law  Is  needed 

?oillll\l0r  J*;  /2  x  *? "  ? x  u "  * '  E2-  Now  y°u  hav« 

voltage  at  point  A  to  point  C.    Because  C  and  B  are  both  ground 
points  you  wiU  also  have  9  volt  from  point  A  to  point  B. 
Remember  A  to  C  it  in  parallel  with  A  to  B,  but  A  to  B  is  a  series 
circuit  by  itself.  »«ies 

2.  Because  Kirchhoff's  current  law  states  current  flow  in  a  series 
circuit  is  the  same,  I4  uust  be  equal  to  I3  therefore,  I4  -  2a. 

3.  Now  solve  for  B4  by  using  Ohm's  law.    I4  X  R4  -  2a  X  30  -  6v  -  E4. 

4.  Now  solve  for  E3  by  using  Kirchhoff's  voltage  law.    Subtract  the 
voltage  E4  -  6y  from  the  total  voltage  (9v)  across  points  A  to  B, 
which  is  9v,  E3  -  9v  -  6v  -  3v.    Now  do  you  see  how  E3  does  equal 
-*v7    If  not,  see  Kirchhoff's  voltage  law  and/or  your  instructor. 

5.  To  solve  for  R3  you  must  use  Ohm's  law. 

R3  -  E3/I3  -  3v/2a  -  1.50  ' 

6.  Now  you  must  find  the  total  current.    To  do  this  you  use  Kirchhoff's 
current  law.    Add  the  current  (2  amp)  from  circuit  A  and  B  to  the 
current  (1  amp)  from  A  and  C.    This  3  amps  will  Join  at  a  point  A, 
and  will  return  to  the  positive  point  of  the  power  sources.  This 
means  Ij  -  3  amp  and  also  It  -  '  amp. 

7.  Now  that  you  know  that  Ix  -  3a  you  can  now  apply  Ohm's  law  and  solve 
for  Ei,  Ei  -  Ii  X  *i  -  3a  X  30  -  9v 

8.  Circuit  A  to  B  is  in  parallel  with  circuit  A  to  C  and  the 
characteristic  rules  of  a  parallel  circuit  say  that  voltage  is~ 
the  same  in  a  parallel  cix. ait.    To  solve  ft*  Et  you  must  add 
the  A  to  B  voltage  OR  the  A  to  C  voltage  tp  E,  which  will  equal 
Et,  Et  -  9v  +  9v  -  18v. 

Rt  Now  to  solve  for  Rt  you  must  use  Ohm's  law. 


Rt     It     3a  60 
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Answers  to  Frame  11?    R    -  6  ohms 


Frame  12 

Solve  each  of  the  following  problems  for  the  Indicated  unknown.  Put 
your  answers  on  the  appropriate  blanks  on  the  response  sheet*    Set  up  the 
problems,  using  the  same  procedure  as  in  the  last  frame. 


■1 


I,=6o 


I 


E2=8V 


AV\r 
E3=. 


■AAV 


HI' 


2. 


-VW- 


Rt=l2A 


-VW — 


I3=2o 


i  I4=3o 

<  R4=6n 


3. 


X 


— vw- 

E,  =  6V 


I 

Et=24V 
Rf=  £L 


-VW- 


R2=6n. 


-AW — 


E4=6V 


9 
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6. 


-\W  1 


X 


E,=I2  V 
I|*  p 


(  W\— 


E|«30V 


— VA  1 


l4=lo 


r 


7. 


JT 


-AAA/  WV 

E,-  V 


-vw- 

E4=4V 


V4V 


t 

ERIC 
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Fraas  12  (cont'd) 


8. 


r 


R,*2A 


-VA — 
E2*I2V 


-Wr- 
E4=6V 


-W^  ||l 


-WV  ||l 

E5S,2V 


9. 


I  — 

"T  E|«ltV 


o 


10. 


ERIC 


7/t 

Answers  to  Frame  12:    1.  6v,      2.  12v,      3.  4  ohms,     4.  54V     5.  16  ohms, 

6.  la       7.  lOv       8.  72W,  9.  18W,  10.  T8W  

Frame  13 

Solve  each  of  the  following  problems  for  the  Indicated  unknown. 
Put  your  answers  on  the  appropriate  blanks  on  the  response  sheet. 

1. 


2. 


Ej»  y 


E*9t 
E^ltV 


3. 


I  wv — 

1 


Ss<v 

V20 


12V 


4. 


X 


CjMV 


I3-2a 


6^«I2V 


i  Wr 

1  V«v 
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n. 


I 


— *vVv  Wr 

e,=  6  v 


^=60  1 


no 

Frame  13  (ContM) 


R*=  J\ 


12. 


1 


AW  

R,=3A 


-W\  ||l 

R4=3A  ' 


I2=2o 


I3=3o 
R  =2/\ 


13. 


I 


-wv  vw 

E,=6V 


Ef=20V 


■VA — 
E|6V 


— W\  Vi/V— 

R4=2/V 


\ 


14. 


15. 


X 


-wv — 

P.  *  w 


R«»  A 


Rf  =6  A 


,=  3e  ? 


R3=6/\ 


ERIC 


Have  the  instructor  check  your  answers  on  the  response  sheet. 

Instructor's  Initials 
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Fran*  1& 

The  rest  of  this  PT  deals  with  troubleshooting.     In  order  to  trouble- 
•hoot  you  must  know  what  the  readings  are  in  a  good  circuit.    In  the  circuit 
s£own  the  readings  at  points  1,  2,  3,  4,  and  5  should  all  be  24V.  Let's 
see  why1.    For  example,  trace  a  path  from  the  negative  side  of  the  battery 
through* the  voltmeter  (Vi)  at  point  5  and  back  to  the  positive  side  of  the 
battery*    The  only  item  in  this  path  is  the  voltmet^  (V^  .    Thus,  the 
voltmeter  would  read  24V.    The  same  is  true  for  points  1,  2,  3,  and  4.    Now  ^ 
trace  o  path  from  the  negative  side  of  >:he  battery  through  the  voltmeter  (V2) 
connected  at  point  6  and  back  to  the  positive  side  of  the  battery.     In  this 
path  there  are  two  items  (the  voltmeter  and  Kl) .     Since       uses  6V,  the 
voltmeter  must  read  18V.     Fill  in  18V  for  the  voltmeter  (V2)  at  point  6 
on  the  response  sheet. 

Note:     Voltage  is  a  pres.*    ^  that  moves  electrons  through  a  resistance. 
The  resistance  will  use  up         er  all  the  voltage  or  part  of  it  in  doing 
its  task  ±n  the  circuit.     In  Uiis  circuit  E,  used  6  volts  of  the  24  volts 
with  a  remainder  of  18  volts  of  pressure  being  applied    dtween  point  6 
anu  the  circuit  ground- 

Using  K*rchhoff*s  voltage  law  determine  what  the  meter  would  read  at 
points  7  and  8.     Fill  in  your  answers  in  the  circuit  shown  on  the  response 
sheet. 

FX)  NOT  M\RK  IN  ^HIS  TEXT 


Answers  to  Frame  14:         -  12V,    4    »  oy 

#  Frame  15 

An  open  is  an  incomplete  path  for  current  to  flow.    In  the  circuit 
shown  we  have  good  readings  at  points  5  and  8.    The  readings  at  point 
6  and  7  are  abnormal.    Even  though  the  readings  it  points  6  and  7  are 
abnormal,  we  know  that  we  have  a  complete  path  fr^m  the  positiva  battery 

erminal  to  point  7  since  the  voltmeter  needle  is  deflecting.    The  abnormal 
-reading  of  24V  at  point  7  indicates  that  the  difference  in  potential  across 
R4  is  2*V  and  there  is  an  incomplete  current  path  between  here  and  ground. 
In  this  case  R4  is  open. 


•VW- 


Mark  the  following  true  statement (s>  with  a  "T"  on  the  7     ponse  sht  t. 

  !•  A  voltmeter  connected  between  points  5  and  6  would  read  OV. 

  2.  A  voltmeter  connected  between  points  6  and  7  would  read  24V. 

  3.  A  voltmeter  connected  between  points  7  and  8  wculd  read  24V. 


ERIC 
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Answers  to  Frame  15:     1.  T,      /•  »  3. 

Frama  16 

In  the  circuit  shown  all  lamp_*  are  inoperative.     Since  none  of  the 
lamps  work,  the  open  would  be  between  points  1  and  /.     If  the  open  was 
anywhere  else  in  thu  circuit,  one  or  more  of  the  lamps  would  be  lit.  The 
24V  reading  at  point  6  indicates  that  there  is  a  complete  path  to  point  6. 
The  OV  reading  2t  point  7  indicates  that  there  is  an  open  between  points 
6  a  \  7. 


For  each  of  the  following  malfunction  indications,   indicate  on  the 
blank  the  possible  open  romponents  that  could  be  the  cause.     Write  your 
answers  on  the  response  sheet.    Number  1  has  been  done  as  an  example 
(see  your  response  sheet  for  the  answers). 

1.  L|  is  inoperative.  

2 .  L0  is  inoperative.  

3 •  is  inoperative, 

A.  L_  and        are  inoperative.  

*Note:     Lamps  in  this  text  are  identified  by  the  letters  L^,  L~, 

etc.,  or,  by  an  applicable  symboi*  - Those  drawn  as  a  simple  circle 

with  a  letter  inside  denote  its  color;  e.g.,  C  for  clear,  R  for  red,  etc. 


26 


Answers  to  Frame  16:    1.  8  &  10,    10  &  13  (L2),    13  &  ground 


3*  8  *  11»    11  &  1A  (L3)f    14  &  ground     4.  7  &  8 

Frame  17 

Before  taking  readings  or  analyzing  readings  in  a  circuit  you  should 
consider  the  possible  components  that  could  cause  che  circuit  malfunction. 

'Using  the  circuit  shown,  determine  the  type  of  trouble  and  the  faulty 
component  for  each  of  the  following  problems.    Put  your  answers  on  the 
appropriate  blanks  on  the  response  sheet.    The  first  one  has  been  done  for 
you  to  show  you  how  to  do  it.    Look  at  the  answer  on  your  response  sheet 
and  compare  it  to  the  circuit. 


I  JL2     3-*4  5 


 O  #- 


Rl 


24V 


1.  I*i  is  inoperative.    A  voltmeter  connected  between  point  7  and  ground 
reads  24V.    A  voltmeter  connected  between  point  9  and  ground  reads  0V. 


2.  L2  and  L3  are  inoperative*    A  voltmeter  connected  from  8  to  ground 
reads  0V. 


3.  All  lamps  are  inoperative.    A  voltmeter  connected  from  5  to  ground 
reads  24V.    A  voltmeter  connected  from  6  to  ground/reads  0V* 


4.  All  lamps  are  inoperative •    A  voltmeter  connected  from  points  1,  2, 
and  3  to  ground  reads  24V.    A  voltmeter  connected  from  point  4  to 
ground  reads  0V. 


5.  L3  is  inoperative.    A  voltmeter  connected  from  8,  11,  and  14  mo 
ground  reads  24V« 


\ 
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Answers  to  Frame  17:    2.  open  7  &_8,      3.  open  5  &  6  (Rj) , 

i    

4 .  open  3  &  A       5 .open  14  &  ground 

Frame  18 

The  normal  circuit  readings  are  given  in  figure  1  below.    From  these 
readings  you  should  see  that  the  voltage  drop  across  Rl  is  equal  to  6V, 
(24  -  18  -  6V.)    The  drop  across  each  lamp  is  18V.     (18  -  0  "  18V.) 


Figure  1. 

Now  let's  see  what  che  readings  would  be  if  L2  burned  out.    This  is  shown 
in  figure  2.    Since  there  is  still  a  complete  path  in  the  circuit,  there 
will  be  current  flowing  through  Ll  and  R]_.    Since  there  is  err  rent  f  loving 
through  Ri,  there  will  be  a  voltage  drcp  across  it.    Thus,  even  though  L2 
is  open,  the  difference  in  potential  across  it  will  not  be  equal  to  the 
applied  voltage  (24V).     If  you  had  not  been  told  that  L2  was  open,  you 
could  still  determine  this  from  the  readings  given.    Since  there  is  a 
difference  in  potential  across  the  L2  and  it  is  not  lit,  the  lamp  must 
be  open. 


Frame  18  (Cont'd) 

Mark  the  correct  answer  for  each  of  the  following  questions  on  the  response 
sheet . 

J          1,  If       was  open  in  figure  1,  the  voltmeter  would  read  OV  at  point 

a,  1 

b.  2 

c.  3 

d,  5 

  2.  If  the  wire  between  points  5  and  8  was  open  in  figure  1,  the 

voltmeter  would  read  OV  at  point 

a.  1 

b.  3 

c.  5 

d.  8 
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Answers  to  Frame  18:    1*  d,      2,  d 
Frame  19 

Analyze  the  meter  readings  and  circuit  indications  in  each  of  the 
following  circuits.    X)n  the  blank  provided  by  each  circuit  list  the 
type  of  trouble  and  the  faulty  component  on  the  response  sheet.  The 
first  one  was  done  for  you  as  an  example. 


ERLC 


30 

733 


Answer*  to  Frame  19:    2.  open  5-6  (Ri)t      3.  open  10  to  ground,    4.  open  6-9 

5.  open  9-10  (L2)      6»  open  R4 


Fiame  20 

An  open  tan  also  be  located  wich  an  ohmmeter.    The  ohmmeter  has  Its 
own  source  of  power  and  should  not  be  used  in  a  live  circuit.    Before  we 
use  an  ohmmeter  for  troubleshooting  let's  see  what  readings  the  ohmmeter 
would  indicate  in  a  normal  circuit.    We  will  use  the  circuit  shown  below. 
An  ohmmeter  connected  from  point  4  to  ground  should  read  0  ohms  because 
the  resistance  of  the  ground  wire  will  be  0  ohms.    An  ohmmeter  connected 
from  point  3  to  ground  should  read  2  ohms,  the  resistance  of  R4.  What 
should  the  ohmmeter  read  when  connected  at  point  *2?    If  you  said  5  ohnu, 
you  are  correct.    When  the  ohmmeter  is  connected  to  point  2  it  reads 
through  R2,         and  R4.    Since  R2  and  R3  are  in  parallel  with  each  other 
we  need  to  compute  their  series  equivalent  resistance.    Using  the  product- 
over-the-sum  formula  we  find  this  to  be  3  ohms.    Add  this  value  to  the 
value  of  R4  and  we  find  that  the  ohmmeter  would  read  5  ohms  at  point  2. 


Mark  the  correct  statement (<0  with  a  "T*1  on  the  response  sheet. 

  I.  An  ohmmeter  connected  from  point  1  to  ground  would  read  11  ohms.  - 

 m  2.  An  ohmmeter  connected  from  point  1  to  point  2  would  read  11  ohms. 

_        3.  An  ohmmeter  connected  from  point  2  to  point  3  would  read  16  ohms. 


ERLC 


32 

735 


730 

Answers  to  Frame  20 1    L  T,    2*   3. 

Frame  21 

LetS  get  some  practice  troubleshooting  wich  an  ohmmeter.    In  the 
circuit  shown  below  we  have  given  you  ohmmeter  readings  at  different 
points  in  the  circuit.    In  order  to  have  needle  deflection,  you  must  have 
current  flowing  through  the  movement.    If  no  current  is  flowing  through 
the  movement,  the  needle  will  indicate  infinity  («•).    A  reading  of  0  ohms 
at  point  4  indicates  that  the  ground  wire  is  good.    The  readings  at  point 
3  and  point  2  indicate  th*t  there  is  a  complete  path  to  point  2.    When  the 
ohmmeter  is  connected  to  point  1,  the  needle  doesn't  deflect.    This  indicates 
that  no  current  i«  flowing  through  the  ohmmeter  when  it  is  connected  to  point 
1.    Since  we  had  a  complete  path  up  to  point  2  and  didn't  have  one  uv  to 
point  1,  there  must  be  an  open  between  points  1  and  2.    In  this  case  Ri  is 
open.  L 


I 

Mark  the  correct  answer  for  each  of  the  following  questions  on  the  response 
sheet. 

1.  If  an  ohmmeter  was  connected  around        (points  1  and  2),  the 
ohmmeter  would  read  infinity  (*)  indicating  that  is 

a.  closed. 

b.  open. 

  2.  If  R4  was  open,  an  ohmmeter  connected  from  point  3  to  point  4 

would  read 

a.  0  ohm. 

b.  infinity. 
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Answers  to  Frame  21:    1.  B,      2.  B,  3. 
Frame  22 

We  will  use  the  same  circuit  that  we  used  in  the  last  two  framed. 
Let1*  see  what  the  reading  at  p^int  2  would  be  if  R2  became  open.  With 
R2  open,  the  ohmmeter  would  read  through  R3  and  R4 .    Since  R2  is  open, 
R3  and  R4  are  connected  in  series  with  each  other  and  the  ohmmeter  will 
read  6  ohms  (4  *  2). 


Mark  the  following  true  statement (s) 

  !•  If  R3  had  been  open  instead 

would  read  14  ohms. 

  2.  If  R3  had  been  open  instead 

would  read  6  ohms • 


with  a  "T"  on  the  response  sheet, 
of  R2,  the  ohmmeter  at  point  2 

of  R2,  an  ohmmeter  at  point  1 
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Answers  to  Frame  22 i    1,  T,  2.   

Frame  23 

In  some  cases  yoiTwill  need  to  isolate  the  branches  of  the  parallel 
part  In  order  to  determine  the  faulty  component.    For  example,  in  the 
circuit  shown  below  we  have  a  6  ohm  reading  at  point  5,    This  indicates 
that  the  ohmmeter  is  reading  through  only  one  of  the  parallel  branches 
and  means  one  of  the  parallel  branches  has  an  open  in  it. 


6  7 


Figure  1. 

To  isolate  the  branches  we  would  need  to  only  disconnect  one  of  the 
branches.    This  is  shown  below.    We  took  readings  at  the  points  indicated. 
The  ground  wire  for  R3  is  good  as  indicated  by  the  0  ohm  reading.  The 
infinity  reading  at  point  8  indicates  that  R3  is  open. 


Figure  2. 

Mark  the  following  true  statement(s)  with  a  "T"  on  the  response  sheet, 

  1.  An  ohmmeter  connected  around  a  good  ground  wire  should  read  0  ohms. 

 m  2,  An  ohmmeter  connected,  around  an  open  will  read  <*. 

 ,  3.  An  ohmmeter  connected  at  point  4  in  figure  1  would  read  12  ohms. 
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Answers  to  Frame  23:    1.  Tf      2.  T,  3*   

Frame  24 

Analyze  the  meter  readings  in  each  of  the  following  circuits.    On  the 
blanks  provided  by  each  circuit  list  the  type  of  trouble  and  the  faulty 
component.    The  first  one  has  been  done  for  you  to  show  you  how.    Look  at 
the  answer  on  the  response  sheet  and  compare  it  to  the  meter  readings. 


1. 


9 
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Answers  to  Frame  24:    2.  open  6-7,  7-8A  o>  B  to  ground,      3#  open  5-o, 

4,  open  6-9,  9-10  or  lu  to  ground 

open  7  to  ground,  •  open  R2       7.  jpen  R2 


Frame  25 

Analyze  the  meter  readings  and  circuit  indications  in  each  of  the 
following  circuits.    Using  the  blank  on  tue  response  sheet  for  each  circuit, 
lisi;  the  type  of  trouble  and  faulty  component  *    Have  your  instructor  check 
your  work  when  you  have  finished  all  ^ine  problems. 


1. 


2, 


3. 
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Frame  25  (Cont'd) 


4.    L    is  inoperative. 


5.    L9  is  inoperative. 


6. 
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Have  the  Instructor  check,  your      sw.rs  on  the  response  sheet. 

Instructor's  Initials   
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Frame  26 

A  short  circuit  is  an  accidental  path  of  low  resistance  which  passes 
an  abnormal  amount  of  current.    Each  load  unit  in  a  circuit  should  drop 
some  of  the  .pplied  voltage.    If  the  load  unit  is  shorted  the  current  will 
bypas*  the  load  unit  and  flow  through  the  low  resistance  path.    With  no 
current  flowing  through  the  load  unit,  it  will  not  have  any  voltage  dropped 
.across  it.    In  the  circuit  below  we  have  given  you  readings  at  different 
points.    Which  resistor  does  not  have  a  difference  in  potential  across  it? 
If  you  said  Rlf  vou  are  correct.    Let's  see  why!    The  potential  at  point  4 
Is  24V  and  the  potential  at  point  5  is  24V.    Thus,  there  is  no  difference 
In  potential  across  Rle    Look  at  the  rest  of  the  circuit.    R9  and  R-i  are 
dropping  6V.    R4  i8  dropping  18V.    There  is  current  flowing  in  the  circuit. 
Since  there  Is  no  difference  in  potential  across  R,  and  there  is  current 
flowing  in  the  circuit,  Rx  is  shorted. 


Mark  the  correct  answer  for  each  of  the  following  questions  on  the  response 
sheet. 


1.  A  voltmeter  connected  between  points  4  and  5  would  read 

a.  0  volts. 

b.  24  volts. 

2.  A  voltmeter  connected  between  points  5  and  6  would  read 


a. 

24  volts. 

b. 

18  volts. 

c. 

5  volts. 

3.  The 

difference 

a. 

24  volts. 

b. 

18  volts. 

c  • 

6  volts. 

d. 

0  volts. 
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Answers  to  Frame  26:  iL» 


2.  c, 


3.  d 


Frame  27 


In  the  circuit  shown  we  have  given  you  readings  at  different  points. 
Let's  find  the  faulty  component.     The  difference  in  potential  across  K\  is 
6V.    The  difference  in  potential  across  the  parallel  part  (R2  and  R3)  is 
18V.    The  difference  in  potential  across  R4  is  OV  making  the  resistance 
of  R4  0  ohms»     Since  there  is  voltage  dropped  on  R^f  R2,  and  R3,  we  know 
there  is  current  flowing  through  them.    Since  there  is  current  flowing 
in  the  circuit,  but  no  voltage  is  dropped  across  R^t  R4  must  te  shorted* 


Mark  the  following  ttue  statement (s)  with  a  "TM  on  the  response  sheet. 

1,  The  difference  in  potential  across  a  shorted  resistor  is  OV. 
  2,  A  voltmeter  connected  between  points  4  and  6  would  laad  24V, 

/ 
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Answers  to  Frame  27:    1.  T,      2.  £ 


Analyze  the  meter  readings  in  each  of  the  following  circuits.    Usin • 
the  blank  on  the  response  sheet  provided  for  each  circuit,  list  the  type 
of  trouble  and  tha  faulty  component.    The  first  one  has  been  done  for  you 
to  show  how  you  should  record  your  answer.    Use  the  answer  listed  on  the 
response  sheet  and  determine  why  it  is  r'ght  by  analyzing  the  meter 
readings.  ' 


1. 


Answers  to  Frame  28:    2.  short  R^,      3    short  R2,      4.  short  Rjf 


5#  nhort  F^*      6.  short  Ri 


Frame  29 

Many  times  a  short  circuit  wil7.  cause  the  fuse  to  blow,    Wh*r.  *his 
happens  you  will  need  to  use  an  ohmmeter  to  find  the  faulty  component. 
Since  a  shorted  resistor  has  a  0  ohm  resistance  path,  an  ohmmeter  connected 
around  a  shorted  resistor  will  read  0  ohms.    In  the  circuit  below  we  have 
taken  ohmmeter  readings  across  each  resistor.    Which  resistor  is  shorted? 
R1  is  shorted  since  the  ohmmeter  connected  around  it  reads  0  ohms. 


Mark  the  following  true  statement (s)  with  a  "T"  on  the  response  sheet. 

i      1.  An  ohmmeter  connected  from  point  7  to  ground  should  read  3  ohms. 

  2.  An  ohmm£-3r  connected  from  point  5  to  ground  should  read  12  ohms. 

  3.  An  ohmmeter  connected  from  point  A  to  ground  would  read  the 

same  as  one  connected  from  point  5  to  ground  if  R    was  horted. 
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Answers  to  Frame  29  s    1.  ,      2.  f      3.  T 

Frame  30 

In  the  circuit  shown  we  need  to  find  why  the  fuse  has  blown.     The  reading 
at  point  7  should  be  0  ohms  since  we  are  just  measuring  the  resistance  of  the 
ground  wire.    The  reading  at  point  6  should  be  3  ohms  since  we  are  just 
checking  the  resistance  of  the  ground  wire  and  However,  the  reading  at 

point  6  id  0  ohms.    This  indicates  that  R4  is  shorted. 


Mark  the  correct  answer  for  each  of  the  following  questions  on  the  response 
sheet* 

 (  1.  You  probably  have  a  short  somewhere  in  the  circuit  if  the 

a.  switch  closes. 

b.  fuse  blows.  § 

c.  ground  opens. 

  2,  An  ohmmeter  connected  between  points  4  and  5  reid 

a.  0  ohms. 

b.  3  ohms. 

c.  6  ohms. 

 3.  An  ohmmeter  connected  betwaen  points  5  and  6  read 

a.  2  ohms. 

b.  3  ohms. 

c .  6  ohms . 
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Answers  to  Frame  30:    1.  b,      2.  c$      3.  a 

Frame  31 


The  reading  at  point  6  indicates  that  R4  is  good.    What  does  the  reading 
of  3  ohms  at  point  5  indicate?    If  you  said  a  short  in       or  Rj,  you  are 
correct.    Let's  see  why!    If  either  R2  or  R3  is  shorted,  they  are  in  effect 
both  shorted  as  the  resistance  of  the  parallel  part  would  be  Ofl.    In  utder  to 
find  which  resistor  is  shorted,  we  would  need  to  isolate  R2  and  R3. 


Mark  the  following  true  statement (s)  with  a  ,fTM  on  the  response  sheet. 

  1.  An  ohmmeter  connected  between  points  5  and  6  would  read  0  ohms. 

,     2.  An  ohmmeter  connected  from  point  7  to  ground  should  read  0  ohms. 
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Answers  to  Frame  31:    1.  T  2# 
Frame  32 

Analyze  the  meter  readings  in  each  of  the  following  circuits.  Using 
the  blank  on  the  response  sheet  provided  for  each  circuit  list  the  type 
of  trouble  and  the  faulty  components.    The  first  one  has  been  done  for 
you  to  shew  you  how  to  record  your  answers. 


I. 


• 
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Answe-«  *q  Frame  32:    2.  short  R$>      3.  short  R£  or  R3,      4.  short  R2> 

5,  short  6.  short  Rj^ 

Frame  33 

Analyze  the  meter  readings  in  each  of  the  following  circuits.  Using 
the  blank  on  the  response  sheet  provided  for  each  circuit,  list  the  type 
of  trouble  and  the  faulty  component. 


Have  the  instructor  check  your  answers  to  thi*  frame  on  the  response  sheet. 

INSTRUCTOR'S  Initials 
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Frame  J4 


Analyze  the  meter  readings  in  each  of  the  following  circuits.  Using 
the  blank  on  the  response  sheet  provided  for  circuit  ±1  t  the  type  of 
trouble  and  the  faulty  compcutat.     The  first  one  has  been  done  to  show 
you  how  to  record  ^our  answers. 
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Frame  34  (Cont'd) 
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Answers  to  Frame  34:     2#  short  Ri,      3,  short  R2,      4.  open  3-4  switch 


5,  short  R4        6#  open  7-ground    7.  short  R^ 


Frame  35 

Analyze  the  meter  readings  in  each  of  the  following  circuits.  Using 
the  blank  on  the  response  sheet  provided  for  each  circuit  list  the  type  of 
trouble  and  the  faulty  component*     The  first  one  has  been  done  to  show  you 
how  to  record  your  answers, 

1.  


?S3 

Frame  3^  (Cont'd) 


753 

Answers  to  Frame  35:    2.  slut  Ri,      3.  open  Rj,      4.  short  R 


5.  open  4-5       6,  open  R4,      7.  short  R^ 

Frame  36 

Solve  each  of  the  following  problems  for  the  indicated  unknown. 
Put  your  answers  on  tie  appropriate  blanks  on  the  response  sheet. 


1. 


I,=»3o 


ES«2V 


 Wv — 

E2»6V 
a 


Hi' 


x 

i 


AAA/  

R,=3n. 


R2=  I2ri 


R*  = 


R4=3^ 


1  . 
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Frame  36  (Cont'd) 


5.       ,   Wv  f  Wv  |h 


7.   vsa<  \w  ||» 


i 


R=4A  E*8V 


It8  6o 


8. 


!t«3o 


I 


Have  the  instructor  check  your  answers  and  circle  the  next  frame  number 
on  the  response  sheet  which  you  aie  to  do. 

♦ 

Instructor's  ^nitlals     

Note-     <p  vou  need  additional  practice,  you  will  be  assigned  the 
problems  in  Frame  37.     If  you  don't  need  additional  practice,  the 
instructor  wiLl  tpll  you  to  go  to  Frame  38. 

57 


Frame  37 


Before  starting  this  frame,  reread  frame  11 ♦    Frame  11  outlines  the 
procedures  for  solving  for  unknowns  in  series-parallel  circuits*  Solve 
each  of  the  following  problems  for  the  indicated  unknown.    Fut  your 
answers  on  the  appropriate  blanks  on  the  response  sheet. 


1. 


I  VAr 


X 

-j  Ef=24V 

1  *' 


-A/W — 


R|-2n. 


=l2/\ 


R3=6r». 


i  vw 


>A-V  

R5=20/l 


2. 


-  E,=24V 


P.=  w 


AW         Wv  ||l 

R3=8^  "4=I6V 


If* 


9V 


J. 


X 


-WV  

Ej=IOV 


—  Ef-  V 

It=5J 


12=!  0 


EftV 


14=  2o 


1 


R3=3a 


v3^ 


tu 


X 


-vw  \w 


E(=20V 
/ 


R2=4/\ 


■AW  ||l 

E3=8V 


R,=4rv 
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8. 


— WV- 
I|=6a 


E3=I2Y 


R4=  -A 


^  Have  che  instructor  check  your  answers  on  the  response  sheet. 

Instructor's  Initials 
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Frame  38 


Analyze  the  meter  readings  and/or  circuit  indications  in  e.ich  n?  che 
following  circuits.    Using  the  blank  on  the  response  sheet  provided  for 
each  circuit,  list  the  type  of  trouble  and  the  faulty  component. 


lt    L2  is  inoperative 


2.     Lamps  cannot  be  dimmed. 


,  

Rl 

Li 


L2 


3.    All  lamps  are  inoperative. 


Frame  38  (Cont'd) 


Have  the  instructor  check  your  answers  on  the  response  s\eet. 

Instructor's  Initials  

Note:     If  you  need  additional  practice  you  will  be  assigned  the 
problems  in  Frame  39.     If  you  don't  need  additional  practice  you 
will  see  your  instructor  and  ask  to  be  given  the  appraisal  fur 
this  text. 

62 


Frame  39 

Analyze  the  meter  readings  and/or  circuit  indications  in  each  of  the 
following  ciroiits.    Using  the  blank  on  the  response  sheet  provided  for 
each  circuit  list  the  type  of  trouble  and  the  faulty  component. 

1,        is  inoperative.  


6®7 

r  ■  


2,    Both  lamps  inoperative. 


r-GL 
LI 


3. 


ERIC 
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Frame  39  (Cont'd) 


V  »ve  the  instructor  check  your  answers  to  this  fra.aa  on  the  respons  sheet. 

Instructor's  Initials 


tfhen  you  finish  this  frame  see  your  instructor  and  ask  to  be  ftiven  the 
appraisal  for  this  text.  „ 
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Environmental  Pneudraullcs  Branch  3ABR42331-WB-119 
Chanutc  APB,  Illinois 

SEIZES -PARALLEL  CIRCUIT  PERFORMANCE 

I 

OBJECTIVE 

Using  a  DC  fundamentals  trainer,  construct  a  series-parallel  circuit 
and  measure  electrical  values  with  one  Instructor  assist  allowed  for  each 
task  area. 

♦  v 
EQUIPMENT 

Basis  of  Issue 
Trainer  P/N  521685,  DC  Fundamentals  l/student 
Multimeter  l/student  ^ 

SAFETY 

Caution:    Remove  watches,  rings,  bracelets,  etc.,  before  starting 
any  work  on  the  equipment.    It  is  also  a  good  safety  practice  to 
votk  on  the  equipment  with  one  hand.    This  practice  reAicea  the 
chances  of  receiving  an  electrical  shock  to  some  vital  body  organ 
/  when  working  with  electricity.    Also  remember  that  light^bulbs, 
resistors,  etc.,  do  get  UOT  and  could  burn  the  pkin.  1 

EB0CEDURE  *  ^ 

Pay  close  attention  to  all  directlcns  that  you  are  given  in  the 
workbook.  "  When  performing  in  the  workbook,  such  as  answering  questions 
or  recording  electrical  measurements,  If  your  response  is  incorrect, 
restudy  the  information  with  instructor  assistance  if  needed*    Do  not 
hesitate  to  ask  the'  instructor  questionr.  ?  You  will  find  that  many  of 
the  exercises  have  the  correct  answers  on  page  S.    After  you  have 
completed  all  the  exercises,  you  will  satisfactorily  complete  the 
progress  check  assigned  by  the  instructor.    If  you  wish,  pages  12 
through  14  may*  be  removed  for  your  convenience. 

Before  you  leave  your  trainer  for  scheduled  or  unscheduled  breaks, 
make  sure  the  following  items  are  done* 

1.  Make  sure  the  SPST  switch  is  turned  OFF  in  the  circuit. 

2.  Make  sureUhe  28V  DC  bus  bar  has  all  the  electrical  leads 
removed  from  it. 

3.  Make  sure  the  negative  (black)  bus  bar  has  all  the  electrical 
leads  removed  from  it. 

4.  Make  sure  the  multimeter  is  properly  9tored  during  this  period, 
a.      The  controls  on  the  meter  must  be  properly  aet  for  stbrage. 
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b.  Leave  the  test  leads  attached  to  the  meter* 

c.  Wrap  the  meter  leads  around  the  instrument* 

d.  Place  the  meter  on  the  locker  shfclf . 

5.      When  you  return  from  the  break,  take  the  same  meter  and  go 
back  to  work. 

Exercise  1 

1.  Trainer  preparation  for  exercises  2  and  3. 

a.  The  metal  plate  on  the  right  *ide  of  the  trainer  may  be 
raised  for  the  workbook  to  lay  on. 

b.  Sign  out  a  multimeter,  see  the  lab  instructor  if  assistance 

is  needed. 

c.  Make  sure  that  the  instructor  has  connected  power  to  the 
trainer.    You  will  do  this  by  ^measuring  the  power,  with  the  multimeter, 
at  the  positive  (red)  and  ifegative  (black)  bus  bar.    The  bus  bars  are 
located  in  the  lower  right  and  left  corners  of  the  trainer*    If  you 
don't  read  a  voltage  (24V  DC  ±  4V  DC),  see  your  instructor. 

d.  Make  sure  that  fuse  wire  is  across  the  fuse  holders  of 
each  of  the  three  (3)  ammeters  on  the  trainer.    This  will  protect  the 
ammeter  internal  circuit  from  o^er  load,    If  the  fuse  wire  is  burnt  in 
two  or  is  missing,  see  your  instructor  for  assistance. 

e.  Pull  the  circuit  breaker  out  (open)  and  turn  OFF  (open) 
two  single  pole  single  throw  (SPST)  switches* 

f .  Make  sWe  all  leads  in  the  drai  nr  are  in  good  condition 
with  a  plug  at  both  ends*  If  you  find  any  damaged  leads,  give  them  to 
the  instructor* 

g.  Examine  the  electrical  lead  ends,  and  nor.e  how  you  may 
connect  them  together  if  one  lead  is  too  short.    See  your  instructor 
for  assistance  if  needed* 

Exercise  2 

2.  Build  a  series-parallel  circuit.    This  circuit  will  be  made 

up  of  two  loads  (light  bulbs)  in  parallel  with  each  other,  and  in  series 
with  one  load  (10  ohm  resistor). 

a.      Using  the  electrical  leads  from  the  drawer,  construct 
the  series-parallel  circuit  shown  in  figure  1,    This  consists  of  a  C/B 
(circuit"  breaker),  SPST  switch,  two  light  bulbs  in  parallel  with  each 
other,  and  in  series  with  a  10  ohm  resistor* 


*7l 


Notet    If  an  electrical  lead  is  too  short,  you  may  connect  leads 
together  to  prevent  stretching  or  breaking  them. 

b.  Before  applying  power  to  your  series-parallel  circuity 
be  sure  you  have  a  comon  ground  for  the  two  light  bulbs  in  parallel, 

which  are  wired  in  series  with  a  10  ohm  resistor. 

•  -  •  > 

c.  If  you  study  this  series-parallel  circuit  in  figure  1, 
you  will  find  that  IP  power  is  applied,  electrons  will  flow  from  point  1, 
the  negative  (-)  bus  bar,  to  point  2,  then  from  point  2  they  will  divide 
and  some  will  flow  through  the  (right)  light  bulb  to  point  3  and  on  to 
point  5.    Looking  back  at  point  2  you  will  also  find  the  electrons  have 
another  path  to  flow.    They  will  flow  through  the  wire  to  point  4  and 

on  through  the  (left)  light  bulb  to  point  5.    After  the  electrons, 
which  have  been  divided  into  two  paths  through  the  light  bulb 9 s  parallel 
circuit,  regroup  at  point  5,  they  will  enter  the  series  portion  of  this 
circuit.    The  electrons  will  leave  point  5,  moving  on  to  point  6  on  through 
the  resistor  to  point  7t  then  on  through  the  remaining  circuit  to  the 
positive  i+)  bus  bar  IF  power  is  applied. 

Exercise  3 

3.      Measuring  electrical  values  in  the  series-parallel  circuit 
constructed  on  the  trainer  fro*  figure  1.  \ 

a»     Make  sure  the  circuit  from  figure  1  is  correctly  con- 
structed on  the  trainer  and  them  turn  01^  the  power  (SPST  switch  and 
C/B).    Measure  end  record  the  voltage  readings  with  the  multimeter 
aa  required  in  figure  1: 

(1)    You  should  note  that  points  1,  2,  4  are  all  equally 
negative  in  the  circuit.    This  is  why  you  can  put  the  meters  (-)  negative 
Black  lead  at  either  point  to  measure  voltage  applied  across  each  bulb. 

*  (JL)    You  should  also  note  that  the  total  voltage  applied 

can  be  measured  at  points  1  and  12,    You  may  also  add  the  reading  of 
points  6  &  7  to  the  applied  voltage  across  one  of  the  bulbs. 

b.  Measure  and  record  die  total  current  flow  in  the  circuit 
constructed  as  shown  in  figure  2* 

i 

c.  Measure  and  record  the  voltage  drop  across  the  10  ohm 
resistor  at  points  6  (-)  to  7  (+)  in  figure  2. 

Note;    Leave  the  ansaeter  connected  in  the  circuit  until  instructed 
to  remove  it. 

d.  Observe  the  acmeter  in  the  circuit  and  do  the  following: 

(1)    Using  a  fchort  lead  fipm  the  drawer,  you  will  connecc 
it  across  the  resistor  from  points  6  &  7  as  shown  in  figure  3.  This 
will  simulate  the  effect  a  shorted  resistor  will  have  on  a  circuit. 
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(a)    Not*  thft  light  brightened  becauaa  reaiatance 
decreased  and  not*  thft  current  (amp)  increaeed. 

ft.     Mftftsurft  and  record  thft  total  current  flow  in  thft  circuit 
ylth  thft  shortftd  real* tor  (simulated)  in  figura  3. 

f.  Leaving  thft  circuit  connected  aa  ahovn  in  figure  3,  measure 
and  record  the  voltage  reading  at  pointa  6  and  7  in  figure  3. 

g.  Anawer  the  queatlona  in  figure  3. 

h.  Obaerve  the  ansae ter  in  the  circuit  and  do  the  following: 

(1)  Remove  the  abort  lead  from  pointa  6  and  7,  the  one 
acroaa  the  reelator  ahotm  in  figure  3  uaed  to  simulate  a  shorted  resistor. 

(2)  Using  the  same  short  lead  you  will  now  connect  it 
acroaa  either  light  bulb  (load)  in  the  parallel  circuit  part  of  thia 
aeries -parallel  circuit.    Either  acroas  pointa  2  and  3  or  pointa  4  and  5. 
We  show  it  across  pointa  4  and  5  in  figure  4.    Note  the  aanftter  reading 
increased  and  the  lights  both  go  out. 

(a)    If  you  trace  from  point  1  to  12,  you  wiU  find 
only  the  resistor  is  left  in  the  ci^ult  and  carrying  current  flow.  The 
current  will  flow  from  point  1  to^  to  4  to  5  and  on  through  the  resistor 
to  point  12.    It  flows  around  tfle  light  bulbs  because  there  is  less 
opposition  to  current  flow  in  the  wires  from  points  2  through  5  then  in 
the  BulBs. 

1.     Measure  and  record  the  total  current  flow  in  the  circuit 
with  the  aborted  bulb  (aimulated)  in  figure  4. 

J.      Leaving  the  circuit  connected  as  shown  in  figure  4, 
measure  and  record  the  voltage  reading  with  the  multimeter  as  requi 
in  figure  4.  y 

k.      Anawer  Cha  queatlona  In  figure  A. 

1.      Remove  all  the  leada  and  a core  them  In  the  drawer  and 
report  Co  your  instructor  for  a  progreaa  check  assignment. 
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CORRECT  RESPONSES  TOR  FIGURES  1  through  4. 
Figur«  1 


CHECKPOINTS 
2  -  3  or  1  -  3 
4  -  5  or  1  -  5 
6-7 
1-12 
Figure  2 
CHECKPOINTS 


VOLTAGE  READINGS 
^8.5  ±  .57  DC 
8.5  ±  .5V  DC 
16  ±  1.0V  DC 
Total     26  i  3.0V  DC 


1-2 
6-7 
Figure  3 

Total  current  flow  3.0  t  .3  amps 
Voltage  point*  6  and  7  0  volts 

1.  a 

2.  b 

CHECKPOINTS  ^x, 

4-5 

1-2 

1.  a 


READINGS 
Total  current  1.6  ±  .4  amps 
Voltage  drop  16  ±  1.0  volts 


READINGS 
■0  volts 
2.2  ±  .2  ampc 


9 
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P^^RESS  CHECK  INSTRUCTIONS 

*  This  progress  check  vlll  require  you  to  correctly  construct  a 
seties-parallel  circuit  and  measure  electrical  values  with  one  instructor 
assist  allowed  for  each  task  area*    An  instructor  assist  for  each. task  m 
area  is  defined  as  an  aid,  such  as  technical  direction  or  explanation 
given  to  tbo  student,  who  can  proceed  no  further  on  his/her  own.    The  » 
instructor  vlll  initial  your  work  after  you  satisfactorily  completed 
each  task  of  $he  progress  check.    If  you  do  not  pass  the  progress  check , 
you  will  follow  the  instructions  given  by  the  instructor, 
f 

You  will  not  communicate  (talk,  etc.)  with  other  students  during 
the  progress  check  without  your  lab  Instructor's  permission. 

You  will  not  use  fellow  student's  work  to  solve  the  problems  In 
this  progress  check. 

You  must  satisfactorily  complete  this  progress  check  before  further 
progression  to  other  lab  progress  checks. 

Have  your  lab  Instructor  select  and  initial  oh  page  8  or  9  the 
series-parallel  circuit  progress  check  you  are  to  draw  on  figure  5. 
Using  a  lead  pencil  only,  draw  in  the  series-parallel  circuit  leads 
between  the  various  symbols.  Later  you  will  construct  this  circuit 
on  the  tr  iner.  After  you  have  satisfactorily  completed  the  progress 
check,  you  will  follow  the  instructions  oil  page  11. 

■  ■  i 


Instructor's  Initials.    Assigned^  progress  duMl^fl. 


.  < 


Aftsr  completion^  esch  task  Usts&ifbelow,  do  not  process  until 
the  instructor  has  initialed  your  tprkvfor  that  tapk. 

TASK  1       Dray  the  series-paraUeJ^circuit.    This1 circuit  will  be  made 
♦  up  of  two  loads  fright  bulb  and  500  ohm  resistor)  in  parallel 
9  with  each  other,  and  in  sertee^wt€h-<aie_load,  (10  ohm  resistor] 
)   SPSf  switch,  and  circuit  breaker  in  figur4~37\ 

-  i{      '         -  ) 

K  Instructor's  initials.    Task  initials    /  

TASK  2       Construct  the  series-parallel  circuit  drawnin  figure  5  on 
thtf  trainer  and  demonstrate  an  opef^tftmrr^cneck  for  the 
instructor. 4  -  t  4  ^* 

Instructor's/initials.    Task  initials     


Pleasure  and  recdTrd  the  electrical 'values  required  below.  Take 
these  values  from  the  circuit  ins figure  5  assigned. 

Total  current  flow"  \?  amps. 

Total  voltag^yto'^he*  circuit   . 

V/  • 

Voltage  drop  across  the  bulb£  • 


( 

Voltage  -drop  across  the  500  ohm  resistor 
Voltage  drop  across  the  ro^ohm  resistor  _ 
_  Instructor's  initial 


Turn  to  page  11  for  further  instructions. 

Hote;  If  the  instructor  provides  an  instructor  assist  for  a  task, 
the  instryctor  will  initial  behind  task  initials  (see  objective), 

____  instructor's  initials.    Assigned  progress  check  #2. 


After  completion  o*-each  task  listed  below,  do  not  progress  until 
the  instructor  has  initialed  your  work  for  that  task. 

TASK  1       Draw  the  series-parallel  circuit.    This  circuit  will  be  made 
.up  of  two  loads  Clight  bulb  and  10  ohm  resistor)  in  parallel 
with  each  other,  and  in  series  with  one  load  (10  ohm  resistor) , 
SPST  swHch,  and  circuit  breaker  in  figure  5. 

y  % 

Instructor's  initials.    Task  initials     
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TASK  2       Construct  the  series-parallel  circuit  drawn  in  figure  5  on  the 
trainer  end  demon* trate  an  operation*  check  for  the  instructor. 


Instructor's  initials.    Task  initials 


TASK  v       Measure  and  record  the  electrical  values  required  below.  Take 
these  values  from  the  circuit  in  figure  3  assigned. 

Totel  current  flow  amps. 



Total  voltage       the  circuit   . 

Voltage  dr^  across  the  bulb   . 

Voltage  drop  across  the  10  ohm  resistor  .    In  the 

parallel  part  of  tfce  circuit. 

Voltage  drop  across  the^lO  ohms  resistor  .    In  the 

series  part  of  the  circuit. 

■ 

Instructor's  initials- 


'   Turn  to  page  11  for  further  instructions. 

State;  If  the  instructor  provides  an  instructor  assist  for  a  task, 
^the  instructor  will  initial  behind  task  initials  (see  objectives). 


7?V 


772 


•-WV-* 


8 

(A 
M 


o  o  o  o 


I  o 


?'© 


o 
> 


♦  o 


•-VSA.— •  o 


© 


0) 

u 

If 

Cm 


•-Vn/V/ — •  2 


© 


ERIC 


10 

778 


o  o  o  o 


703 


After  you  have  satisfactorily  completed  the  progress  check,  you 
will  do  the  following: 

1.     Put  all  the  good  leade  In  the  drawer  of  the  trainer. 

2«      Give  all  the  broken  leads  to  the  la)  Instructor  with  the 
parts* 

3.  Place  the  work  table  In  the  dovn  position  on  the  trainer. 

4.  Return  the  multimeter  to  Its  storage  cabinet.    Be  sure  the 
controls  on  the  meter  are  set  correctly  for  storage. 


5.  1  Tcu  will  turn  In  your  work  to  the  lab  Instructor  before  you 
leave  the  lab  area. 

Note:    You  may  review  any  part  or  all  of  this  workbook  If  you  wish 
but  your  work  will  not  leave  the  lab  area  without  the  lab 
Instructor's  permission. 
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CHECKPOINTS 

2  -  3  or  1  -  3 
4  -  5  or  1  -  5 

6  -  7 

1-12 


Figure  1. 

VOLTAGE  READINGS 

  voir a 

  volts 

 volts 

Total  volts 


SLACK 


Correct  answers  are  on  page  6*    Go  to  step  'V  In  exercise  3. 
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CHECKPOINTS 


Figure  2. 
READINGS 


1-2                        Total  current 
6-7  Voltage  drop   

Correct  answers  are  on  page  6. 

Go  to  step  "d"  in  exercise  3.  7^() 


AMMETER  \  f,-AC* 

® 


amps  • 
volts. 


Total  current  flow  amp* . 

Voltage  points  6  and  7   J  volts, 

1.  The  current  flow  Increased 

a.  because  the  total  resistance  In  the  series-parallel 
circuit  decreased  due  to  the  simulated  short  in  lie 
resistor, 

b.  because  the  total  resistance  in  th*  series-parallel 
circuit  increased  due  to  the  simulated  open  in  the 
resistor. 

2.  The  voltage  drop  across  points  6  and  7 

a.  increased. 

b.  decreased. 
Correct  answers  are  on  page  6. 
Go  to  step  "h"  in  exercise  3. 
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AMMETER  \  BLACK 

® 


CHECKPOINTS 

4-5 
1-2 


Figure  4. 
READINGS 


volts 
amps 


1.     The  current  flow  increased 


a*     because  the  short  caused  tb    total  resistance  to  decrease, 
allotting  the  current  flow  to  bypass  the  parallel  loads 
(bulbs)  causing  the  lights  to  go  out.    Current  flow  is  _  ' 
fro*  point  1  to  2,  not  through  the  right  light  bulb,  but" 
around  it  over  to  point  4.    From  point  4  it  goes  around 
the  left  bulb  through  the  Jumper  lead  to  point  5  and  on 
through  the  resistor  over  to  the  positive  bus  bar. 

b.     because  the  short  'caused  thi  total  resistance  to  decrease, 
allowing  the  lights  to  go  out  and  all  of  the  current  to 
flow  through  both  light  bulbs  and  not  the  resistor  and 
on  to  the  positive  bus  tar. 

Correct  answers  are  on  page  6.  ; 


Go  to  step  "1"  in  exercise  3. 
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FOREWORD 

This  programmed  text  was  prepared  for  use  in  Course  3ABRA2231,  Aircraft 
Environmental  Systems  Repairman*    The  materials  contained  herein  have  been 
validated  with  36  students  from  the  subject  course.    At  least  90%  of  the 
students  achieved  the  objectives  as  stated.    The  average  time  required  to 
complete  the  text  is  58  minutes. 

OBJECTIVES 

Upon  completion  of  this  programmed  text,  you  will  be  able  to: 

1.  Accurately  identify  relay  symbols. 

2.  Correctly  select  from  various  circuits  a  minimum  of  two  that  are 
relay  control  circuits. 

3.  Correctly  select  from  several  circuits  a  minimum  of  two  that  are 
relay  controlled  circuits. 

4.  Label  the  parts  of  a  relay  with  70%  accuracy. 

INSTRUCTIONS 

i 

TMs  program  presents  inform*  ion  in  Small  steps  called  frames.  After 
reading  each  frame,  slide  a  mask  (sheet  of  paper  or  cardboard)  down  the  page 
until  you  see  a  short  row  of  slashes  (/////).    Read  the  question;  artsyer  it 
and  then  slide  the  mask  down  until  the  correct  answer  is  exposed.  ^If  yott 
mLs**  a  correct  answer,  or  you  are  not  sure,  restudy  the  appropriate  frame. 


t 


While  aircraft  and  missU.ee  ara  not  really  hiaunt  they  ara  capable  of 
doing  some  thinga  that  seem  aLaoat  human.    They  can  raapond  to  ordara  juat 
aa  m  do.    Through  tha  uaa  of  avail  alactrical  devices  callad  "relaye, "  thay 
can  trananit  electrical  ordara  to  mechanical  motors  to  op • rata  vital  parta 
of  tha  aaroapaca  vehicle. 

y,   ,  III  fill  I II  til  II 

/       Nb  response  required 


Frame  2 

To  bat tar  understand  a  relay,  we  will  examine  tha  "working  parta/9 
Below  is  a  coil  of  wire  that  will  ba  uaad  aa  an  electromagnet  •    Parhapa  you 
recall  that  aa  currant  flova  through  tha  coll  a  magnetic  fiald  la  built  up 
atotaid  tha  coil*    Llka  any  magnet,  it  will  attract  any  naarby  metallic  object 
that  a  magnet  normally  attract!. 


WIRE  COH 


///////////////// 

No  raaponaa  required 


Frame  3 

A  aoft  iron  core  la  put  into  the  center  of  the  colli    While  thia  bar  doea 
not  actually  touch  tha  coil  of  wire  or  have  electrons  flowing  through  it,  it 
doea  make  tha  magnetic  field  stronger  by  providing  an  easier  path  for  the 
magnetic  flux  to  travel* 


MCTAl  com 


WHI  COll 


So  far  wa  have  seen  that  a  relay  may  be  made  up  of  a  coil  of 
and  a  soft  iron 


///////////////// 

wire  core 

1 


< 


Wo 


If  the  wire  coll  is  connect ed  to  *  battery,  *  magnetic  field  will  build 
up  around  the  coil.  The  field  will  reach  out  to  attract  any  object  that  la 
normally  attracted  by  magnets. 


////////////////// 

No  Response  Reqi&fced 
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Trmrn  5 


Bacauaa  ouralactnmafnat  hw  tb«  ability  to  attract  eartala  mtallic 
objaeta,  lw  can  aaka  It  do  aoaa  uaaful  work.  , 


<7- 


PIXtD  IOIT 
SMIMO 


alJL? 

J  1   MtTAl  I  Aft 


0- 


-a^a- 


SWITCH 


con 


•  ATTll  Y 


COM 


Study  the  illustration  carefully  «nd  then  complete  the  statements  below 
by  underlining  the  correct  word(s). 

a.  The  CORE  Is  actually  a  (soft-Iron)  (hard  steel)  bar. 

b.  A  (battery)  (switch)  supplies  current  to  the  electromagnet • 

c.  Current  flows  through  the  (coll)  (core). 

d.  A  magnetic  field  flows  through  the  (coil)  (core). 

e.  The  current  is  CONTROLLED  by  the  (battery)  (switch). 

f .  If  the  switch  is  turned  on,  the  magnetic  field  will  (attract)  (repel) 
the  metal  bar. 

go    The  spring  will  pull  the  metal  bar  back  to  Its  original  position  if 
the  switch  is  turned  (on)  (off). 

////////////// 
a.    soft  iron.     b.    batttry.       c.    coil.       d.  core, 
e.    switch.  f.    attract.       g.  off. 


T 
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It  am*  6 

Study  this  illustration  carefully  and  complete  the  statements  that 
follow  by  underlining  tha  correct  word(s). 


MfTAL  IAR 

U 

^5  SPRING 


wilt  COIL 


I AT7ERY  mCTAI  CORi 


a*  If  the  switch  is  closed,  the  metal  bar  will  (cowpress)  (stretch)  the 
spring. 

b.  The  battery  supplies  current  to  the  (coil)  (core). 

c.  The  switch  controls  crrju  it  through  the  (coil)  (core). 

d.  The  movable  parts  are  the  (coil)  (coil  and  spring)  (metal  bar,  coil 
and  spring)  (spring  and  metal  bar). 

e.  The  strength  of  the  sagnecic  field  is  determined  by  the  (spring) 
(current). 

f.  There  (is)  (is  no)  current  flowing  in  the  coil  with  the  switch  open/ 

g.  There  (is)  (is  no)  current  flowing  in  the  upper  metal  bar. 

h.  The  only  purpose  of  the  spring  is  to  (pull  the  metal  bar  down) 
(push  the  metal  bar  away  from  the  core). 

/////////////// 

a.    compress.       b.    coil.       c.    coil       d.    spring  and  metal  bar. 
e.    current.         f.    is  no.      g.    is  nc. 
h.    push  the  metal  bar  away  from  the  core. 


7SS 
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Fraae  7 

Here  la  another  way  out  electromagnet  can  be  aatup  to  pull  on  a  metal 
barjawaturo).    Notipe  t«at  the  bar  is  pivoted  (hingad)  on  cm*  end.    It  can 
ba  puehed  up  by  tha  spring  and  pulled  down  by  tha  alectroaugnet .    Tha  proper 
nana  for  thla  matal  bar  la  the  ARMATURE*    Complete  the  statementa  balow  by 
underlining  tha  corract  word. 


HVOT  POINT 


CORE 


]  ARMATUM 

SPRING  PUSHES  UP 

{MOUNTCQ  SOLID 
ON  THIS  END) 


•  540 


a.  Tha  battery  sends  currant  Into  the  pivoted  armatures   (true)  (false) 

b.  If  thj  armature  ia  hinged  at  the  pivot  point,  the  (right)  (left)  end 
of  the  armature  will  move  down. 

\, 

c.  The  aprlng  will  return  the  armature  to  its  .normal  position  anytime 
tha  switch  is  (open)  (closed). 


//////////////////// 
a.    falsa.  b*  .  right.  ,  -  , 

c.    open  (if  it  is  closed  the  magnetic  field  will  pull  the  armature  down) 
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Frame  8 


In  this  illustration  we  have  addad  something  new.    There  ara  two  contacts 
labalad  HAH  and  "B.,f   Undarlina  tha  correct  answer  after  you  have  carefully 
studied  this'  illustration. 


A 


t  541 


a.  If  the  switch  is  open,  the  armature  will  be  resting  against  cc.cact 
(A)  (p. 

5.  If  the  switch  is  closed,  the  armature  will  be  drawn  against  contact 
<A>  (B). 

c.  When  the  coil  is  turned  OFF,  the  armature  will  normally  rest  against 
contact  (A)  (B). 

d.  ^Current  from  the  battery  will  flow  through  the  armature,  (true) 
(falsa). 

•  q  mi  mi muni 

a.    A.  b.    B  *       c.  A 

*td.    Falsa  (Current  flows  only  through  the  coil). 


7  JO 


For  •  Mint,  let's  t*k.  a  look  at  a  slapl.  circuit. 


Trmm  9 


e- 


LAMP 


lATTttY 


SWITCH 


All  we  and  to  do  is  close  ths  switch  and  the  leap  will  light .  The 
bat t try  supplies  current  to  light  the  leap  when  the  switch  is  closed.  The 
switch  completes  the  path  from  the  battery's  negative  terminal  through  the 
and  bade  to  the  positive  terminal. 


/////////////// 

No  Response  Required 
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Now  we  can  put  our  electroaagnet  to  work.    Rtrabtr  we  normally  turn  a 
•witch  on  and  off  with  our  finger*.    What  is  to  keep  us  fro»  using  our 
electromagnet  to  open  and  doss  the  circuit  between  the  battery  and  the 
lamp? 

Look  at  this  illustration  »nd  then  underline  the  correct  word  in  the 
statements  below. 

/ 


lATTCKY  NO 


e- 


SWITCH 


lATTCRY   NO  2 


a.    The  switch  controls  current  through  the  (coll)  (Imp). 


b. 
(No.  2) 


Current  for  the  electromagnet's  ctfll  Is  supplied  by  battery  (No.  1) 


/ 


c.  Current  for  the  lamp  £s  supplied  by  battery  (No.  1)  (No.  2). 

d.  /current  will  flow  from  battery  No.  2  to  the  lamp,    (true)  (false) 

e.  The  current  that  lights  the  lamp  flows  through  the  (coll)  (core) 
(armature) •  I 

f.  After  the  switch  Is  OPQfa),  the  lamp  will  go  out  because  the  spring 
pushes  the  armature  away  from /he  contact*    (true)  (false) 

\g.    Cur^nt  flows  throughVthe  pivot,  armature,  and  contact  to  get  to 
the  \amp.    (theue)  (false) 


) 


jiNmimii 


a.  coil  b.  No.  2  c.  "No.  1  djf  false 
«.    armature        f.    true        g.  true 


\  t 
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It's  tlae  eo  give  our  electromagnet  and  mature  combination  a  n«M. 
Froa  here  on  It  will  b«  rifimd  to  m  i  RELAY. 

Ub«l  th«  parts  la  this  illustration  by  writing  th«  appropriate  words  In 
the  spaces  provided . 


H  ) 


•  ~  344 


/////////////// 


•  ATTIHY 


AIMATUIC- 
CONfACT- 


CONTACT 


SMING 


con 


cott 


9 
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Frw  12 


This  la  also  aa  illustration  cf  a  ralay.  Label  th-s  parts  by  writing  the 
appropriate  word  In  tha  apaca  provided. 


ERIC 


9ft 

Frame  13 

Rel*y.  are  actually  remotely  controlled  switches.    An  example  of  their 

r  it  >      "S*    ?°len0i^  (*€l'y>  **  y0ur  C4r'    IC  *        of  current 

to  .tart  a  cold  engine,    if  the  battery  cable.  are  too  long,  they  win  reduce 

th.  amount  of  current  the  battery  can  deliver  to  the  startlr  motor     The  trick 

then  is  to  keen  the  battery  cable,  short  and,  yet  not  have  to  get  out  of  he 

car  and  go  beneath  the  hood  ju.t  to  cloee  a  witch  between  the  battery  and 

the  .tarter  motor.    Thto  is  an  illu.tr.tion  of  one  w.y  in  which  it  is  done 


GROUND 


IATTERY 


STARTER 
SOLENOID  ILELAYI 


SATTERY  CA 


M 


— 

STARTER  SWITCH 


STARTER 
MOTOR 


GROUNO 


3 


Clo*.  the  .tartar  switch  and  the  magnetic  field  pull,  the  armature  of 
the  relay  down.    Nov  current  can  flow  from  the  battery,  through  the  starter 
■otor  and  armature  of  the  relay,  then  back  to  the  battery,    to  this  case,  it 
to  easy  to  see  how  a  very  small  wire  can  come  up  to  the  starter  evitch  inside 
the  car.    An  the  starter  switch  has  to  do  to  complete  the  circuit  from  the 
battery  •  negative  terminal,  through  the  relay  coil  and  back  to  the  battery* a 
poeitive  terminal  (or  to  the  chaa.to).    Ho  current  toea  from  the  relay  coil  to 
tt«  g«frT  ffature.    It  la  the  magnetic  field  that  pull,  the  armature  down 
and  clo.ee  the  contact.. 

////////////// 
No  Res poo..  Required 


n 
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By  now  you  have  noticed  that  we  have  two  electrical  circuita  in  our  relay 
diagram.    One  of  these  la  cha  CIRCUIT  THAT  CONTROLS  THE  RELAY  caualng  It  to 
tun  on  and  off.    Tha  part  a  that  maka  up  tha  circuit  that  controla  tha  relay 
are  the  - 


RELAV  COIL 


e 


SWITCH 


BATTERY 


Below  are  aoat  circuit  components.  Draw  a  line  between  then  to  show 
bow  YOU  would  wire  them  to  sake  a  circuit  that  CONTROLS  just  the  relay. 


© 


©_ 


ii  ii  i  in  1 1  ii  ii 

Your  anavur  should  raaaabla  thia  drawing. 


0- 


A  TERMINAL 


12 
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The  second  circuit  we  hare  illustrated  is  the  CIRCUIT  THAT  IS  CONTROLLED 
IT  THE  UUT.    Ie  la  usually  «ada  up  of: 


A  SOUtCf 

or  rowfi 


0 


ANO  A  OfVtCf  THAT 
USIS  THf  flfCTIKlTY 
SUCH  AS  A  LAMP 
01  A  MQTOI 


■  Hn*  between  tha  components  balov  to  show  how  you  would  wire  a 
CIRCUIT  THAT  IS  CONTROLLED  ST  A  RELAY. 


////////////////// 


Since  wa  provided  .tha  "grounda,"  your  aoawer  should  resemble  this. 


/"Notice  the  relay  coil  is  MOT  wired  because  it  is  part  of  the  circuit  that 
CONTROLS  THE  RELAY. 
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With  the  experience  you  have  just  gained  in  wiring  a  circuit  that  controls  ^ 
a  relay  and  a  circuit  that  is  controlled  by  a  relay,  draw  in  the  necessary 
wires  to  show  how  YOU  would  wire  both  a  circuit  that  controls  the  relay,  and 
the  circuit  that  is  controlled  by  the  relay.    YOU  MAY  USE  ONLY  ONE  BATTERY. 


8 


H?a 


llllllllllllllltll 

Your  cir'ng  should  be  similar  to  this  -  (if  it  is  not,  have  your 
instructor  ezplsin  what  mist  be  done  to  correct  it). 


) 
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Freee 

••low  «r«  eeverel  illustrations  of  electrical  circuit!.    Look  «e  tbca 
carefully  and,  whoa  you  ar«  certain  which  kind  they  are,  label  ch.w  "Relay 
Coacrol"  for  choaa  circuits  that  slaply  turn  tha  ralay  on  and  off ,  and 
"Controlled  by  a  ralay"  for  thosa  circuits  that  ara  controlled  by  a  ralay. 
tfrita  tha  corraet  anawar  in  tha  apaca  provided  next  to  eech  illustration. 


1. 


■  -55I 


////////////// 

1.    relay  control  2.    controlled  by  a  relay 

3.    controlled  by  a  relay  4.    relay  control 

15 
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You  have  learned  that  the  circa4**1  can  ba  dlvidad  into  two  entirely 
different  circuit*.    Study  tba  circuit  iliuatration  below  aad  uadarlina  tha 
correct  aoavar  to  tha  questions  that  follow. 


a.  The  better?  supplies  energy  for  both. circuits .    (trite)  (false) 

b.  ihe  switcn  Is  pert  of  the  circuit  thet  Is  controlled  by  the  relay, 
(true)  (false) 

c.  The  motor  la  psrt  of  the  circuit  £het  controls  the  relay,  (true) 
(falea) 


d.  The  reley  coll- Is  part  o!  the  circuit  that  controls  the  relay, 
(trua)  (falaa)  ^  » 

////////////// 


a.    trua        b.    felaa\       c.    false        d.  true 


\ 
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Syao  >1*  art  ussc  to  rsprassnt  th«  pares  wa  hava  baaa  working  with  ao 
lot 'a  got  acqualntad  with  than.    It  aavas  a  lot  of  tlaa  If  you  racogaixo  tha 
aybol  sad  don't  how*  to  draw  a  pietttro  of  tha  bate*    ,  ralay,  ate.    In  tha 
right  coluan  art  tha  symbols  for  tha  units  In  tha  I    .  coluan.   Match  than 
by  drawing  a  11ns  tram  ths  ayabol  to  tha  dories  It  t^rasants. 


r 


301 


trass  20 

k  relay  can  be  uaad  to  control  s»re  than  on*  circuit.  Study  this  circuit 
for  a  f««f  ainutaa  than  undailioa  tha  corract  anavar  to  tha  ststeaents  below. 


a.  With  tha  switch  in  tha  position  shown,  (No.  1)  ^No.  2)  (neither) 
lamp  la  lie. 

b.  If  the  ewitch  la  clceed,  (No.  1)  (No.  2)  (neither)  leap  will  light. 

c.  Tha  switch  lata  currant  flow  to  both  leaps  if  it  ia  dosed,  (true) 
(falsa) 

d.  Tha  switch  controls  current  ONLY  through  the  relay  coil,  (true) 
(falsa) 

a.    Which  circuit  is  NORMALLY  closed  when  tha  relay  is  not  turned  on? 
(Mo.  1)  (Ho.  2) 

//////////////// 
a.    No.  1      b.    No.  2        c.    Falsa        d.    True      e.    No.  1 
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Tou  aaw  in  fr«M  20  that  the  relay  is  »t  •  c*rt*in  position  when  it  is 
MOT  turnsd  on. 

j  •  NC 


{NOT  TURNED  ON} 


-  so  ws  labslsd  it*  npp*r  contact  (A)  «*  NC  -  Noraally  Closed. 

Contact  B  has  been  labeled  as  NO  -  Normally  Open  to  ahow  that  circuit 
a*  being  open  when  the  relay  la  NOT  turned  on. 

Label  the  contacts  in  the  relay  illustration*  below  to  ahow  their  positions 
with  the  relay  at  rest  (not  turned  on) .    You  say  abbreviate  then  NO  and  NC  - 


////////////// 
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As  with  •witches,  relays  are  tuned  according  to  their  contact  arrangements. 
This  Is  called  a  "Single  Pole,  Single  Throw"  relay. 


A  "POLE"  is  the  place  where  current  enters  the  contacts  and  a  1  "THROW" 
la  the  position  the  relay  can  be  moved  to  in  "Order  to  complete  a  circuit. 
The  one  shown  abovs  has  «  "Single  Pole"  ends can  be  "thrown"  (pulled  down)  to 
complete  a  path.    Below  is  another  SPST  (single  pole,  single  throw  contact 
arrangement) • 


THROW 


POLE 


THROW 


/////////////// 


No  Response  Required. 


/ 


w 
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Stw&f  the  lll'iatration  below  and  notice  we  have  added  a  aet  of  coat  met*. 


In  thla  illustration  each  relay  haa  TWO  poles  (places  for  current  to  enter 
the  con tact a)  and  TWO  throve  (positions  to  which  the  relay  can  be  thrown  to 
complete  the  circuits).    If  the  relay  la  turned  off t  the  apring  aoves  the 
contacts  to  thsir  original  (up)  ranting  position  and  certain  circuits  are 
completed.    If  the  relay  la  turned  on,  the  contacts  are  thrown  down  to  com- 
plete different  circuits.    So,  thla  relay  would  correctly  be  called  a  DPOT  or 
doub la-pole,  double-throw*    Select  the  correct  abbreviation  for  the  contact 
arrangfaMmte  below  by  underlining  the  correct  answer* 


/////////////// 
a.    SPST        b*    SPOT         c.    DPOT         d.  SPST 

21 
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Did  you  identify  figure  "b"  in  fraaa  23  at  a  single  pole,\ouble  throw 
relay?    If  you  did,  EXCELLENT!    This  shows  you  ere  capable  of  figuring  out 
these  arrangeaents  by  slaply  reaea^ering  that  the  contact  where  current 
eaters  is  called  a  "POLE"  and  the  positions  it  can  be  "thrown"  to  are  called 
"throws •"    Perhaps  you  also  noted  that  figure  "bM  had  only  one  COMMON  POLE 
so  thet^my  current  entering  this  pole  could  be  switched  to  either  the  upper 
(MC)  ofotact  or  the  lower  (NO)  contact  depending  upon  which  position  the 
relay  Is  thrown.    Take  another  good  look  at  the  figure  in  fraae  18  to  see  an 
example  of  this  "coaaon"  pole  of  the  single  pole,  single  throw  relay.  Here 
is  a  problea  to  stiaulate  your  acaory.    With  the  information  you  have  learned 
so  far  and  the  illustration  below,  underline  the  word  or  words  that  correctly 
fit  the  place  being  pointed  to  by  the  arrows. 


(POLE)  (THROW) 
(POLE)  (THROW) 


X2 


(NO|  (NC| 
(NO)  (NC| 


[COIL)  (CORE) 
[COIL)  (CORE| 


(SPST)  (SPOTj 
(DPSTI  (OPOTI 


minimum 


but; 
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SoMthlng  far  too  important  for  us  to  overlook  la  how  currant  travels 
across  tha  relay' a  contacts.    We  have  shown  a  DPDT  relay  in  thia  figura,  so 
you  can  aee  the  path  current  flows. 


POLE  NO  1 


POLE  NO  2 


CIRCUIT  NO  1 

«  CIRCUIT  NO  2 
CIRCUIT  NO  3 
«  CIRCUIT  NO  4 


COIL  CIRCUIT 


No  current  travels  from  Pole  No.  1  to  circuits  3  and  4  at  any  tine. 
Pole  No.  1  carries  current  only  to  circuit  1  or  2.    Pole  No.  2  carries  current 
ONLY  to  circuits  3  or  4,  NEVER  to  circuits  1  and  2. 

Incidentally,  ao  you  won't  nia understand,  the  actual  contacts  on  a  relay 
will  be  labeled  according  to  the  manufacturer 'a  own  deaire.    We  labeled  then 
aa  shown  here  so  you  would  know  which  ones  we  ere  talking  about  in  our  explana- 
tions.   If  is  necessary  that  you  fully  understand  how  current  travels  from 
a  pole-out  through  the  contacts.    Actually,  there  is  aome  type  of  insulator 
between  the  upper  (No.  1)  and  lower  (No.  2)  armature  polea  so  that  currant 
cannot  possibly  get  from  one  armature  pole  to  the  other.    Our  relay  is  made 
this  way  so  we  can  C0NT10L  TWO  circuits  at  the  sane  time  with  only  one  switch. 
Draw  a  relay  circuit  that  controls  two  different  light  bulbs  aeparately.  You 
say  use  - 

1.  s  switch. 

2.  it  relay. 

3.  ONE  battery. 

4.  Two  lamps. 

5.  ONLY  the  CORRECT  circuit  symbols. 

////////////// 

Your  circuit  should  cloaaly  resemble  tha  illustration  in  franc  20. 
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This  concludes  our  presentation  of  relay  construction  end  operation.  It 

la  by  no  aeena  all  you  can  learn  about  these  wonderful  devices.    It  is  en-mgl 

to  enable  you  to  actually  wire  a  relay  Into  a  circuit  and  observe  its  opeit- 
tion  as  it  controls  a  leap. 

Ton  will  apply  what  you  have  learned  la  the  relay  PROJECT. 


END  OP  TEXT. 
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RELAY  SWITCHING  CIRCUIT  PERFORMANCE 
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Environmental  Pneudraulica  Btanch  3ABR42331-WB-120 


Q^nuce  AIB„  Illinois 


RELAY  SWITCHING  CIRCUIT  PERFORMANCE 
OBJECTIVE 

t  m  Using  a  DC  fundamental  trainer ,  construct  a  ralay  switching  circuit 
and  measure  alactrlcal  valuaa  with  ona  Instructor  assist  allowad  for 
aach  task  araa. 

EQUIPMENT  „ 

Baals  of  Issue 
Trainer,  P/N  5216*5  1/atudant 
Multimeter  1/atudant 

N. 

4APETY 

CAUTION:    Remove  watches,  rings,  bracelets,  etc.,  bafora  atartlng 
any  work  on  tha  equipment.    It  la  also  a  good  eafety  practica  to 
work  on  tha  equipment  wi ona  hand*    This  practica  raducaa  tha 
ctiancee  of  racalving  an  :      trie  I  shock  to  soma  vital  body 
organ  when  working  with  a*    crlcity.    Also  remember  that  light 
bulbs,  r^aistora,  ate,  do  *et  HOT  and  could  burn  tha  akin* 


>    .  PROCEDURE 


Pay  cloaa  attantlon  to  all  directions  that  you  ara  given  m  tha 
workbook.    Whan  performing  in  the  workbook,  such  aa  answering  questions 
or  recording  electrical  measurement*!,  If  your  response  Is  incorrect , 
r  as  Lady  the  Information  with  instructor  assistance  if  needed.    Do  not 
hesitate  to  aak  the  Instructor  queetione.    You  will  find  that  pany  of 
the  exercises  have  the  correct  answers  on  pagea  5  and  6.    After  you 
have  completed  all  the  exercises  you  will  satisfactorily  coqplete  the 
progress  check  assigned  by  the  instructor.    Pagee  13  through  15  may,  If 
you  wiah,  be  removed  for  your  convenience 

When  you  leave  your  trainer. for  scheduled  or  unscheduled  breaks 
lnsur*  the  following  are  done  before  yot:  go* 

4 

1.      Insure  the  SPST  switch  la  turned  OFF  in  the  circuit. 

2 «     Insure  the  28  VDC  bus  bar  (red)  has  all  the  electrical 
laada  removed  from  it. 


3.  Insure  the  negative  (black)  bu»  bar  has  all  the  electrical 
laada  removed  from  it. 

4.  Ineure  the  multimeter  la  properly  stored  during  this  period, 
a*.     Insure  the  controls  on  the  meter  are  properly  eat  for 

storage. 

Supersedes  3ABR42331-WB-111C,  29  July  1977. 
0P1:    3370  TCHTG 
DISTRIBUTION:  X 

3370TCHTC/TTGU-P  -  400;  TTVSA  -  1 
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b.     Luvt  the  tut  leads  attached  to  the  meter. 


c.  Wrap  the  mater  leads  around  the  instrument* 

d.  Place  the  meter  on  the  locker  ahelf . 

5.     When  you  return  from  the  break  take  the  aeme  meter  and  go 
back  to  work. 


Exercise  1 

1.     Trainer  preparation  for  Exerdaea  2  through  4. 

e.     The  metal  plate  on  the  right  side  of  the  trainer  may  be 
raised  for  the  workbook  to  lay  on. 

b.     Sign  out  a  multimeter,  aee  the  lab  instructor  if 
assistance  is  needed. 


c.  Insure  the*  the  instructor  has  connected  power  to  the 
train**.    You  will  do  this  by  measuring  the  power  vith  the  multimeter  - 
st  the  positive. (red)  and  negative  (black)  bus  bsr.    The  bus  bars  are 
located  in  the  lower  right  and  left  corners  of  the  trainer.    If  you 
don't  read  a  voltage  (24  VDC  ±  4  VDC)  see  your  instructor. 

d.  Insure  that  fuse  wire  is  across  the  fuse  holders  of 
each  of  the  three  (3)  ammeters  on  the  trainer.    This  will  protect  the 
ammeter  internal  circuit  from  overload.    If  the  fuse  wire  4s  burned 
in  half  or  is  missing  see  your  instructor  for  assistance. 


e.  Pull  the  circuit  breaker  out  (open)  and  turn  OFF  (open) 
two  .  )  single  pole  single  throw  (SPST)  switches. 

f.  Insure  all  leads  in  the  drawer  are  in  good  condition 
with  a  plug  at  both  ends.  If  you  find  any  damaged  leads,  give  them 
to  the  instructor. 
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g.      Examine  the  eJectrical  lead  ends,  and  note  how  you  may 
connect  them  if  one  lead  is  too  short.    See  your  instructor  for 
assistance  If  needed. 

Exer  .ise  2 

2.  Build  s  circuit  which  controls  the  relay  \n  a  relay  switching 
circuit.  ThU  circuit  will  be  made  up  of  one  (1)  load  (the  relay  coil) 
with  a  SPST  switch  and  a  circuit  breaker. 

a.  Using  the  electrical  leads  from  the  drawer  construct 
the  relay  control  circuit  shown  in  figure  1  on  page  13.    This  consists 
of  s  C/B,  SPST  switch,  and  the  relay  coil. 

Note:    If  an  electrical  lead  is  too  short  you  may  connect 
leada  together  to  prevent  stretching  or  breaking  them. 

b.  Before  applying  power  to  your  circuit,  constructed  to 
control  the  relay,  be  sure  you  hsve  the  wires  hooked  up  as  shown  in 
figure  1. 
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c.  If  you  study  this  circuit  you  will  find  that  the  relay 
coll  control  circuit  la  nothing  mora  than  a  series  circuit  with  the 
coll  aa  the  load. 

d.  Answer  the  question  below  figure  1  on  page  13. 

Exercise  3 

3.  This  exercise  will  help  you  build  a  circuit  which  is 
connected  et  the  relays  "NO"  contacts*    This  circuit  will  be  made  up 
of  two  (2)  loeds  (light  bulbs)  In  parallelf  wired  through  the  relays 
"COM"  and  "HO"  contacts  and  connected  to  the  C/B. 

a.  Using  the  electrical  leads  from  the  drawer  construct 
the  circuit  being  controlled  by  the  relay  artature,  as  shown  in 
figure  2  on  page  14.    This  circuit  consists  of  two  (2)  light  bulbs, 
the  relay  armature  with  its  contacts,  and  the  C/B. 

b.  The  wire  between  the  "COM"  point  and  the  C/B  will  be 
connected  to  the  negetive  side  of  the  C/B.    This  is  the  side  of  the* 
C/B  which  doea  not  have  the  wire  connected  to  the  bus  bar.  This 
way,  the  c/B  can  protect  all  the  circuits. 

c.  If  you  have  correctly  wired  the  circuit  you -will  be 
able  to  turn  on  the  lights  by  moving  the  SPST  switch  to  ON.  Remember, 
the  SPST  switch  controls  power  to  the  relay  coil,  the  current  flow 
through  the  coil  creetea  a  magnetic  field,  the  magnetic  field  pulls 
down  the  armature  allowing  current  to  flow  through  the  bulbs. 

d.  When  the  SPST  switch  is  ooened  (OFF) ,  current  is  cut 
off  to  the  relay  coil,  the  magnetic  field  disappears,  the  armat  :re 
is  pulled  up  by  a  spring  shich  cuts  off  the  current  flow  through  the 
bulbs. 

e.  Answer  the  questions  below  figure  2  on  page  14. 

Exercise  4 

4.  This  exercise  will  help  you  build  a  circuit  which  is 
connected  at  the  relays  "NC"  contacts*    This  circuit  will  be  made 

up  of  two  (2)  loads  (light  bulbs)  in  series,  wired  through  the  relays 
"COM"  and  "NC1  contacts  and  connected  to  the  C/B. 

a.  Using  the  electrical  li-.de  from  the  drewer  cons  tract 
the  series  circuit  b*ing  controlled  by  the  reley  armature,  as  shown 
in  figure  3  on  pege  15.    This  circuit  is  connected  to  the  "NC" 
contact  of  the  relay  tnd  consists  of  two  (2)  light  bulbs  in  series, 
the  relay  ermatur*  with  its  contacts  and  the  C/B. 

b.  The  wire  between  the  "COM"  and  the  C/B  is  the  seme  wire 
you  used  in  exercise  3.    Tou  now  can  see  how  it  serves  a  dual  purpose 
for  the  "NC"  and  the  "NO"  contacts  of  the  relay.    The  C/B  serves 
several  circuits,  the  relay  Coil  circuit,  the  light  bulb  parallel 
circuit  on  the  "NO"  corrects  (exerrlse  3),  and  the  light  bulb  series 
circuit  on  the  "NC"  contacts  constructed  in  this  exercise. 
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c.  If  you  correctly  wired  the  circuit  in  figure  3  you 
will  bo  able  to  turn  on  tho  light  bulbs  In  tho  parallel  circuit  by 
moving  tho  SPST  switch  to  tho  ON  position,  and  if  you  novo  tho  SPS7 
switch  to  tho  OFF  position,  you  will  turn  OFF  tho  psrollol  circuit 
and  turn  ON  tho  light  bulbs  in  tho  sorios  circuit. 

d.  Also  not*  that  whan  powor  is  appliad  to  the  ralay  coil 
the  light  bulbs  connect  to  the  "NO"  circuit  illuminate  (light)  and 

if. power  is  cut  off  to  the#relay  coil  the  light  bulbs  connected  to  the 
"NC"  circuit  illuminate. 

A 

a.     Answer  the  questions  below  figure  3  on  pege  15. 

f .  If  you  have  ary  questions  about  the"  exorcises  you 
have  just  completed,  ask  your  iustruetor  NOW. 

g.  Remove  all  the  leads  and  store  them  in  the  drawer  and 
report  to  your  instructor  for  e  progress  check  assignment. 


Correct  responses  for  figures  1  through  3. 
FIGURE  1 

Total  applied  voltage  24  VDC  +  4  VDC. 

Voltage  drop  across  the  ralay  coil  is  24  VDC  +  4  VDC. 

1.  a 

2.  a 

3.  b 

4.  b 

5.  b 

FIGURE  2 

Right  lamp  24  FDC  +  4  VDC 
Left  lamp  24  VDC  +  4  VDC 

T  cltage  drop  across  the  reley  coll  is  24  VDC  +  4  VDC 

Total  current  flow  through  only  the  light  bulbs  is  3  amp  +  O.A  amp 

1.  b 

2.  a 

3.  a 

4.  b 
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Right  Usp  12  VDC  +  2  VDC 
Use  Imlp  12  VDC  +  2  VDC 

Total  currant  flow  In  the  light  bulb  series  circuit  Is  1  amp  +  0.4  amp, 

1.  b 

2.  a 

PROGRESS  CHECK  INSTRUCTIONS 
v 

This  progress  check  will  require  you  to  correctly  construct  a 
relay-switching  circuit  and  measure  electrical  values  with  one 
instructor  assist  allowed  for  each  task  area.    Instructor  assist  for 
each  task  area  is  defined  as  an  aid,  such  as  technical  direction  or 
explanation  given  a  student,  who  can  proceed  no  further  on  his/her  own. 
The  Instructor  will  initial  your  work  after  you  satisfactorily  complete 
each  task  wi  the  progress  check.    If  you  do  not  pass  the  progress  check 
you  will  follow  the  instructions  given  by  the  instructor. 

You  will  not  conounicate  (talk,  etc)  with  other  students  during 
the  progress  check  without  your  lab  Instructor's  permission. 

You  will  not  use  fellow  students  work  to  solve  the  problems  in 
this  progress  check. 

You  must  satisfactorily  complete  this  progress  check  before 
further  progression  to  other  lab  progress  checks. 

Have  your  lab  Instructor  select  and  initial  on  page  6  or  8, 
the  relay-switching  circuit  progress  check  you  are  to  drew  on  the 
figure  om  page  10.  >  Using  "a  lead  pencil  only,  draw  in  the  relay- 
switching  circuit  leada  between  the  various  symbols.    Later  /ou  will 
construct  this  circuit  cr*  the  trainer.    After  you  have  satisfactorily 
completed  the  progress  check  you  will  follow  the  instructions  on  page  11. 

_____  Instructor's  initials.    Assigned  progress  check  1. 

STUDENT'S  NAME  .  

Last  First  MI 

After  completion  of  each  task  listed  do  not  progress  until  the 
instructor  has  initialed  your  work  for  that  task. 

TASK  I  -    Draw  a  relay  control  circuit  in  the  figure  on  page  10.  This 
circuit  will  be  made  up  of  a  C/B,  SFST  switch,  and  relay  coll. 

  Instructor's  initials  for  first  instructor  assist. 

]      Instructor's  initials  for  second  instructor  assist  which  is 
falling. 

______  Instructor's  initials  for  progression.  « 
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TASK  2  -   Draw  *  parallel  circuit  controlled  by  the  relay  In  ch« 
figure  on  page  10.    Thia  circuit  will  b«  aade  of  tvo  (2) 
load*  (a  light  bulb  and  a  10  ohm  resistor)  in  parallel, 
wired  to  th«  "HO"  contact  o£  the  relay.   Alio  draw  in 
tb«  povar  laad  batvaan  th«  C/B  and  th«  "COH"  of~ths  ralay. 
Theae  two  (2)  loads  will  share  a  comoo  ground  wire. 

 *  Instructor's  initial*  for  first  instructor  assist. 

  Instructor's  initisls  for  sscond  instructor  assist  which  is 

falling. 

  Inatructor's  initials  for  progression. 

TASK  3  -   Draw  a  sarias  circuit  controllad  by  tha  relay  in  the  figure 
on  page  10.    This  circuit  will  be  made  up  of  two  (2)  loads 
(light  bulbs)  in  series,  wired  to  the  "NCM  contact  of  the 
relay.    This  series  circuit  will  share  tha  coasxm  ground 
«dr*  used  for  the  perallel  circuit  above. 

 . —  Inatructor'^  initials  for  firet  instructor  assist. 

  Instructor's  initials  for  second  instructor  assist  which  is 

falling. 

  Inatructor's  initials  for  progression. 

TASK  4  -    Construct  the  relay-switching  circuit  drawn  in  the  figure 
on  the  trainer  and  demonstrate  an  operations  check  for  the 
instructor, 

  Instructor's  initiale  for  first  instructor  assist. 

 Instructor's  initials  for  sscond  instructor  assist  which  is 

failing. 

  Instructor's  initial*  for  progression. 

TASK  5  -    Measure  and  rscord  che  electricel  velues  required  below. 

Take  thess  values  from  the  circuit  in  the  figure  on  pegs  10 
assigned.    Totel  currant  flow  for  only  the  circuit  connected 

to  the  "NO"  contact  of  the  relay  is   amps. 

Voltage  drop  across  the  resistor  in  the  parallel  circuit 

connected  to  the  "NO"  is  volts. 

Voltsge  drop  ecross  the  lsft  light  in  the  series  circuit 
connected  to  the  "NC"  is  volts. 

  Instructor's  initials  for "first  instructor  assist. 


  Instructor's  initials  for  second  instructor  assist  which  is 

falling. 

  Inatructor's  initials  tor  progression  end  satisfactory 

completion  of  this  progress  check. 

Turn  co  pege  11  for  further  instructions. 

Motes    If  the  instructor  provides  «m  instructor  sssist 
for  a  task,  the  instructor  will  initiel  as  required. 
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*         Instructor's  initials*    Assigned  progrsss  chsck  2. 

STUDENT'S  NAME   

Last  First  MI 

Aftsr  completion  of  tach  task  listad  do  not  progress  until  tha 
Ids true tor  has  initialed  your  work  for  that  task. 

TASK  1  -    Dray  a  relay  control  circuit  tha  figure  on  page  i0.  This 

circuit  will  ba  made  up  of  a  C/B9  SPST  switch,  and  relay  coil. 

 Instrisctor's  initials  for  first  instructor  assist* 

  Instructor's  initials  for  second  instructor  assist  which  is 

f filing. 

— mmmm _  Instructor's  Initials  for  progression. 

TASK  2  -    Draw  a  parallel  circuit  controlled  by  tha  relay  in  the  figure 
on  page  10.   This  circuit  will  ba  made  up  of  two  (2)  loads  (two 
(2)  light  bulba)  in  parallel,  wired  to  the  "NO"  contact  of  the 
relay*    Also  draw  in  the  power  lead  between  the  C/B  and  the 
"COM*1  of  the  relay.    These  two  (2)  loads  will  share  a  common 
ground  wire. 

  Instructor's  initials  for  first  instructor  assist. 

____  Instructor's  initials  for  second  instructor  assist  which  is 
falling. 

Instructor's  initials  for  progression. 

TASK  3  -    Draw  a  series  circuit  controlled  by  the  relay  in  the  figure 
on  page  10*    This  circuit  will  be  made  up  of  two  (2)  loads 
(a  light  bulb  and  a  10  ohm  resistor)  In  aeries,  wired  to  the 
"NC"  con  tec  t  of:  the  relay.    This  series  circuit  will  share 
the  common  ground  wire  used  for  the  ^frrallel  circuit  above. 

Instructor's  initials  for  first  instructor  assist. 

  Instructor's  initials  for  second  Instructor  assist  which  is 

failing. 

 _  Instructor's  initials  for  progression* 

TASK  4  -    Construct  tha  relay  switching  circuit  drawn  in  figure  on 

page  10,  on  the  trainer  and  demonstrate  an  operation  check 
for  tiie  instructor. 

 Instructor's  initials  for  first  instructor  assist. 


Instructor's  initials  for  second  instructor  assist  which  is 
failing. 

Instructor's  Initials  for  progression. 
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TASK  S  -   Maaaura  and  record  tha  alactrical  valuas  ra*uirad  balow. 

Taka  thaaa  valuaa  from  tha  circuit* in  figure  on  paga  10 
aaaignad.    Total  currant  flow  for  only  tha  circuit  connactad 
to  tha  W1  contact  of  tha  ralay  ia       7  anpa. 

Voltaga  drop  acroaa  tha  raaiator  in  tha  sariaa  circuit 
connactad  to  tha  ,fNC"  ia  m  volta. 

Voltaga  drop  acroaa  tha  laft  light  in  tha  parallal  circuit 
connactad  to  tha  ,fNO"  ia  volta . 

  Inatructor'a  initiala  for  firat  inatructor  aaaiat, 

  Inatructor'a  initiala  for  aacond  inatructor  aaaiat  which  is 

failing. 

  Inatructor'a  initiala  for  prograaaion  and  aatiafactory 

cooplation  cf  thia  progress  check. 

Turn  to  paga  11  for  furthar  instruction. 

Nota:    If  tha  inatructor  provides  an  inatructor  aaaiat 
for  a  task,  tha  inatructor  will  initial  as  required. 
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A£t«  you  hava  •atiafactorily  coaplatad  tha  prograaa  chaclflbu 
will  do  tfla  following:  W 

•    1.     Put  all  tha  good  laada  In  tht  drawar  of  the  trainer. 

2.  ^  Giva  all  tha  brokan  laada  to  tha  lab  inatructor  with  tha 
parta . 

3.  Placa  tha  work  tabla  In  tha  do«^  poaition  on  tha  trainar. 

4.  Raturn  tha  aultlaatar  it*  atoraga  cabinat.  Ba  aura  tha 
controla  on  tha  attar  ara  aat  corradtly  for  atdraga. 

5.  You  will  turn  in  your  work  to  tha  lab  Inatructor  bafora  yot 
laava  tha  lab  ara*, 

Hota:    You  aay  ravlaw  any  part  of  all  of  thia  workbook  if 
you  wiah,  but  your  work  will  not  laava  tha  lab  araa  without 
tha  lab  inatructor 'a  parmiaaion. 
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Total  applied  voltage  . 

Voltage  drop  across  the  relay  coil  is  volts. 

Circle  the  correct  answer  below, 

1 

1.  Tha  circuit  you  have  cons true tad  will  magnetise  the  relay  coll 
and  cause  its  armature  contacts  to  be  pulled  down. 

a.  True 

b.  False 

2.  For  the  relay  to  operate ,  BOTH  the  circuit  breaker  and  the  SPST 
switch  aust  be 

a.  closed. 

b*  opened. 

3.  When  the  relay  la  turned  ON  the  armature  will  complete  the  path 
between  the  "comam"  ((MM)  pole  and  the  "normally  open"  (NO) 
and  the  "normally  close VjftC)  contacts. 

a.  Yes 

b.  No 

^*  pulls  the  armature  down. 

a.  SPST  switch 

b.  magnet  fitld 

5.      The  circuit  breaker  Is  provided  to 

a/     permit  turning  the  relay  on  and  off  formally. 

b.     open  the  circuit  In  caae  the  circuit  becomes  shorted. 

Correct  answers  on  pegs  5* 

Go  to  exercise  3. 
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Voltaga  drop  Across  the  lamps  on  the  trainer  %        Right  lamp 

Left  lamp  _ 

Voltage  drop  across  the  relay  coil  is  volts . 


volts . 


volts. 


Total  current  flow  through  only  the  light  bulbs  is   amps. 

1       The  two  lighl  bulbs  in  parallel  are  directly  controlled  by  the 

a.  SPST  switch.  h 

b.  relay  armature. 

2.  The* relay  armature  is  controlled  by  the  ^ 

a.  magnetic  field* 

b.  SPST  switch* 

3.  The  magnetic  field  is  controlled  by  the 
e«      SPST  switch,. 

b .      C/B . 

4.  The  SPST  switch  is  controlled  by  the 

a.  C/B. 

b.  circuit  operator  (you). 


/  Correct  answers  on  page  5. 


/ 


Go  to  exercise  4. 
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Figure  3. 
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Voltage  drop  across  the  lamps  on  the  trainer       only  Che  series  circuit. 

Right  lamp  volts, 

Laft  leap  ____  volts. 

Total  currant  flow  in  ths  ligjht  bulb  ssries  circuit  is   emps. 

1.  Whan  tha  SPST  switch  is  in  the  ON  position 

a.  all  four  (4)  lights  ara  to  light. 

b.  only  tha  lights  in  tha  parallel  circuit  will  light. 

2.  Tha  aaaet^r  will  show  tha  total  current  flow  in 

a.  only  tha  parallel  circuit  when  the  SPST  switch  is  ON. 

b.  both  light  bulb  circuits  and  the  relay  coil  circuit  when  the 
SPST  switch  is  ON. 

Correct  answers  on  page  6« 

Go  to  exerci  se  4»  step  "f". 
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FOREWORD 


This  programed^text  vu  prepared  for  use  In  the  3ABR42330  and 
3AARA2331  instructional  system*.    The  material  contained  herein  has  been 
validated  using  V  students  enrolled  In  each  of  the  subjects  course. 
Ninety  percent  of  the  students  taking  this  text  ac  leved  the  objectives. 
The  average  student  required  71  minutes  to  completv  the  text. 

OBJECTIVE 

Given  10  characteristics  of  DC  motors,  match  70%  correctly  as 
being  characteristics  of  either  a  series  or  a  shunt  motor. 

INSTRUCTIONS 

NOTE:    wEEOLE  PROCEEDING,  REMOVE  THE  RESPONSE  SHEETS  AT  THE 

BACK  OF  THIS  TEXT.    THEN  ENTER  YOUR  ANSWERS  ON  THE  REMOVED  SHEETS. 

This  programmed  text  presents  information  in  small  steps  called  "frtmea. 
After  reading  each  frame,  you  are  expected  to  respond  by  supplying  a  word 
or  words,  to  complete  a  statement,  choose  either  TRUE  or  FALSE,  select  the 
correct  answer,  or    atch  terms  to  their  proper  meaning.    DO  NOT  MARK 
IN  THIS  TEXT. 

Use  a  piece  of  p=>per  or  card  as  a  mask  to  cover  the  printed  materials. 
Slide  the  paper  or  mask  down  the  page  an  til  you  expose  th*  row  of  slashes 
U 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1).    One  small  step  is  now  exposed  for  you  to  read. 
Read  the  material  presented,  select  yw  \£  response  to  the  question,  and 
indicate  your  response  on  the  retponse  sheets.    After  you  respond  to 
the  question,  slide  the  mask  down  and  compare  your  answer  with  the  one 
given  in  the  tr*  t.    If  you  are  correct,  gc  on  to  the  next  frame.  If 
your  answer  is  wrong,  read  the  frame  again* 
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Hachaaical  energy  which  hu  been  converted  from  electrical  energy 
It  uatd  In  many  different  applications.    You  will  be  working  on  equip- 
ment that  contelne  some  form  of  energy  conversion.    Therefore,  en  under- 
standing of  the  devices  providing  energy  conversion  ere  ersential  if 
you  ere  to  become  good  in  your  field. 

There  ere  meny  devices  whinh  convert  energy.    Our  discussion  will  be 
limited  to  e  device  which  changes  electrical  energy  Into  mechanical  energy, 
the  motor.    Motors  are  normally  classified  according  to  the  voltage  or 
current  used,  that  is,  AC  or  DC.    In  this  text  we  will  discuss  the  series 
and  shunt  DC  motors. 

//////// hii  nil  11  iiii  ii ii ni  111 111 1  ii i  ii ii  ii 1 111 1  ii ii  mi  mi  iiiiii  111 1  ii 

  _   Ho  Response  Required  

Fran*  2 

As  you  have  already  learned,  a  magnetic  field  exists  around  any  current- 
carrying  conductor.    The  strength  of  this  magnetic  field  depends  upon  the 
Mount  of  current  flowing  in  the  conductor.    When  this  current-carrying 
conductor  is  placed  in  a  fixed  magnetic  field,  the  reaction  of  the  two  mag- 
netic fields  will  cause  the  conductor  to  move  out  of  the  fixed  field.  The 
amount  and  direction  of  this  force  resulting  from  the  interaction  between 
the  conductor's  magnetic  field  and  the  fixed  magnetic  field  determines  the 
speed  of  the  motor  and  its  direction  of  rotation.    All  motors  operate 
on  the  same  fundamental  principle,  the  force  exerted  on  the  current- 
carrying  conductor  when  it  is  placed  in  a  magnetic  field. 

Check  the  following  statements  that  are  TRUE. 

1.  A  magna *  \z  field  exists  around  all  current-carrying  conductors. 

2.  The  strength  of  the  magnetic  field  around  a  current-carrying 
conductor  depends  upon  the  amount  of  current  flew  in  the  conductor. 

3.  The  fundamental  principle  of  operation  of  any  motor  is  that  force  is 
exerted  on  a  current-carrying  conductor  when  placed  in  a  magnetic 
field. 


1 
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Answers  to  Fran*  2: 


/  2. 


1. 


/  3. 


Frame  3 


The  force  which  acts  on  Che  currant-carry  tag  wire  (conductor)  whan  It  Is  placed 
in  th*  field  of  a  magnet  la  at  right  anglta  to  the  wire.    It  ia  also  at  right 
angles  to  the  magnetic  field  sat  up  by  the  «gnet.    The  action  of  this  force 
upon  the  current- carrying  conductor  ia  shown  below.    The  illustration 
shows  a  wire  located  between  the  magnet's  poles.    The  lines  of  force 
in  the  magnetic  field  are  from  the  north  pole  to  the  south  pole  (exter- 
nally).   When  no  current  fJowe  no  force  is  exerted  on  the  conductor. 


warn  wAhout  cusiini 

lOCMtO  M  A  MAOMfTIC  ftfcD 


Complete  die  following  statements. 


1. 

conductor. 


A 


field  exists  around  any  current-carrying 


2.      Unless  current  is  flowing  within  a  conductor,  no 
is  e-*r:ed  upon  it,  even  whan  in  a  magnetic  field. 


2 


i 

Answers  to  frm  3:    Magnetic— Force 


01 


Frame  4 

When  current  flows  through  the  conductor,  a  magnetic  field  la  set  up 
about  It,  aa  la  ehown  In  tha  illustration* 


Wtl  WITH  CUttfHI 

amo  accomt amyimo  mod 


Tha  direction  of  tha  field  around  the  currant -carrying  conductor  depends 
on  the  direction  of  current  flow.    Current  In  one  direction  creates  a  clock- 
vise  field  about  rhe  conductor.    Current  in  the  othe£  direction  creates  a 
counterclockwise  field. 

OetCTlON  OfCUWMKT 

Do  you  remember  the  mie  for 
determining  direction  of  rotation 
of  the  magnetic  field?    The  rule 
states  "Grasp  the  conductor  in  the 
left  hand*    The  thumb  points  in  the 
direction  of  current  flow*  The 
fingers  will  point  in  the  direction 
of  the  magnetic  lines  of  force  MCK 
around  the  conductor 

4 


urr  hand  TttJMtmju 


Study  the  diagram  above  and  answer  the  following  question. 


With  current  flowing  through  the  conductor  in  the  direction  of  the 
arrow,  (you  are  standing  at  the  left  and  of  the  conductor  looking  towards 
the  right  end)  rhe  magnetic  field  will  rotate  in  a  direction? 

(Counterclockwise)  (Clockwise) 


3 
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Answer  to  Fram^  4:  Counterclockwise 


Frame  5 

Tht  force  which  acts  upon  tht  current-carrying  conductor  whtn  it  is 
placed  between  tht  poles  of  tht  magnet  will  drivt  the  conductor  out  of  the 
field.    The  direction  of  thie  force  ie  ahovn  below.    Note  that  the  magnetic 
Hum  of  force  below  the  conductor  are  in  the  tame  direction  at  the  linea 
of  force  around  the  conductor.    Theae  two  forcea  add  and  atrengthen  the 
magnetic  field  below  the  conductor.    The  linea  of  force  above  the  conductor 
oppoae  the  magnet* a  linea  of  force.    Thla  action  weakena  the  magnetic  field 
above  the  conductor.    The  combination  of  the  strong  field  below  the  con* 
ductor  and  the  weak  field  above  the  conductor  producea  force  which  drives 
the  conductor  up.    The  conductor  is  alwaya  pushed  away  from  the  aide  where 
the  field  is  strongest. 


MSUf  AMI  NOD  A  NO  0*KTC>* 

09  K»a  on  wmi 


Identify  the  following  statement*  as  true  (T)  or  falae  (F) . 

1.  A  current  carrying-conductor  placed  between  the  poles  of  a  magnet 
is  not  affected  by  the  magnetic  field. 

2,  With  current  flowing  as  shown  in  the  illustration,  the  conductor  will 
be  pushed  up. 

////////////////////////////////////////////////////////////////////////// 

F    1.     _  T  2. 


Fran*,  ft 


If  tht  currant  flow  through  tha  conductor  vara  ravaraad  in  direction, 
tha  two  flalda  would  add  at  tha  top  and  aubtract  at  tha  bottom.    Sinca  a 
conductor  ia  alwaya  puahad  away  from  tha  atrong  fiald,  tha  conductor  would 
be  puahad  down.    Tha  diraction  of  motion  can  ba  datarmlnad  easily  aa  tha 
following  illuatration  ahowa.    Don't  coofuaa  thla  rula  with  tha  laft  hand 
rula  which  ia  uaad  to  deteqrtna  tha  polarity  of  a  coil.    Thia  ia  callad 
tha  Eight  Hand  Motor  Rula  54  itataa  "Point  tha  indax  flngar  of  tha  right 
JUBd  in  th«  diraction  of  tha  magnet's  external  magnatic  fiald  (N  to  S). 
Tha  aacood  fingar  pointed  in  tha  diraction  of  currant  flow,    Tha  thumb  will 
indicata  tha  diraction  of  motion." 


Complata  tha  following  statamar-. 

Tha  Right  Hand  Rula  is  uaad  to  *etermir.e  tha  diraction  of  conductor 


////////////////////////////////////////////////////////////////////////// 

Motion 


Frame  7 

Va  uow  know  how  a  currant- carrying  conductor  moves  in  a  magnatic 
fiald.    Ltt'a  date mine  how  thia  action  ia  put  to  uaa  in  a  motor.  Although 
DC  and  AC  motors  operate  on  the  principle  joat  explained,  they  use  dif- 
ferent methods  in  obtaining  a  magnetic  fiald  and  conductor  currant.  For 
this  reason  let's  discuss  tha  baalc  DC  motor  before  covering  tha  baalc 
AC  motor. 

No  Response  Required 
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lxmm  8 

If  the  single  conductor  is  bent  into  a  loop,  the  loop  will  tend 
to  rotate  In  the  field  between  the  magnets.    In  the  loop  shown  below, 
current  flow  is  inward  on  side  "A"  and  outward  on  side  "B".    The  mag- 
netic field  about  "B"  is  clockwise.    The  magnetic  field  about  "A"  is 
counterclockwise.    With  the  single  conductor,  in  which  current  flowed 
inward i  a  force  will  develop  which  pushes  "B"  downward.    Current  flow 
In  the  field  of  the  magnet  end  the  field  about  "A"  is  inward.  The 
magnetic  field  will  add  at  the  bottom  and  subtract  at  the  top*  You 
can  prove  this  by  the  Right  Hand  Ho  tor  Rule,  "A"  will  move  upward. 
The  loop  (A  and  B)  will  rotate  until  both  aid"*  are  outside  of  the 
magnetic  lines  between  the  north  And  south  poles  of  the  magnet.  In 
this  position  no  torque  (twisting  force)  is  produced  and  the  loop 
remains  stationary  instead  of  turning  over. 


Identify  the  correct  words  to  complete  the  following  statement. 

With  current  tlow  as  shown  in  the  diagram  above,  Che  magnetic  field 
will  be  (strongest)  (weakest)  above  B  and  below  A,  causing  the  loop  co  rotate 
(clockwise)  i counterclockwise). 

////////////^///////////////////////////////////////////////////////////// 
s  tronges  t  coun  terclo  ckwise 


Frame  9 

Let's  suanarize  what  we've  learned  in  the  preceding  frames  by 
identifying  the  following  statements  as  true  'T)  or  false  (F) . 

1.  When  current  flows  through  any  conductor,  a  magnetic  field  is  set 
up  about  the  conductor. 

2.  If  a  current- carrying  conductor  is  placed  between  tie  poles  of  a 
magnet,  the  two  magnetic  fields  cancel  each  other. 

3.  The  direction  of  current  flow  within  a  conductor  determines  the 
direction  of  the  magnetic  field  about  it. 

4.  The  direction  in  which  a  conductor  is  forced  out  of  the  magnetic 
field  can  be  determined  by  using  the  Right  Hand  Motor  Rule. 


Anevers  to  fr mm  9:    I,    T        2.    t      3.    T_   4.  T 


Frame  10 

It  Is  general  practice  t*>  draw  a  cross  representing  current  flowing 
away  from  you  in  &  conductor?   A  dot  represents  current  flowing  toward 
you. 

Study  the  illustration  to  become  familiar  with  this  method  of  showing  dir- 
ection of  current  flow  through  a  conductor. 


r 


////////////////////////////////////////////////////////////////////////// 

No  Response  Required 


Frame  11 

When  the  loop  is  parallel  to  the  magnetic  field  as  shown  at  0°  in 
the  following  illustration  torque  is  maximum.    Maximum  torque  occurs  at  this 
position.    In  this  potJLtion  the  force  acting  upon  the  coil  is  in  the  same 
direction  as  coll  movement.    In  any  other  position,  however,  only  a  portion 
of  the  force  is  in  the  direction  of  coil  movement 

Complete  the  following  statement:. 

Maximuu  torque  occurs  when  the 
coll  is  in  the  position  labeled 


(0°)  (90°) 

//////////////////////////////// 

(0°) 

Torque  on  a  coil  at  various  angles  of  rotation* 


7 
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Frame  12 


As  the  loop  approaches  tha  neutral  plana  of  90°  (rafar  to  frame  11), 
torqua  dacreaaas.    If  tha  loop  haa  auffieient  "'nertij*,"  (a  taadancy  to 
kaap  moving      t  flywheel  would)  It  vlll  awing  peat  '-ha  nautral  plana, 
aa  shown  In  flgura  1* 

Whan  loop  aida  A  swinga  to  tha  right  side,  and  loop  alda  B  avlnga  to 
tha  laft  of  tha  nautral -plana,  torqua  ravaraaa.    Tha  loop  will  attempt 
to  ravarsa  Its  dlractlon  of  rotation* 


Flgura  1* 

Notice  in  figure  2,  loop  aida  A  la  to  the  laft  of  tha  nautral 
plana.    The  curt ant  through  it  cauaaa  a  counterclockwiaa  torque*  Tha 
currant  through  loop  aida  B  to  tha  right  of  the  neutral  plana  is  in 
the  opposite  direction*    It  also  cauaaa  a  countarclockwiaa  torque. 
To  keep  torque  in  a  counterclockwise  direction,  the  current  through 
the  loop  side  to  the  left  of  the  neutral  plena  must  always  flow  out 
of  tha  page  (e).    The  currant  on  the  right  of /the  neutral  plana  must 
always  be  Into  the  pege  (x).    To  maintain  continuous  rotation  some 
means  must  be  provided  which  will  reveraa  the  direction  of  current 
through  the  loop  aa  it  rotates  paat  tha  neutral  plane. 


Figure  2. 

the  following  atatemant  TRUE  or  FALSE? 

In  ordar  for  the  loop  to  rotate  counterclockwise,  tha  currant  through 
both  sides  of  tha  loop  must  be  in  the  same  direction. 

iii  ii  i  iiii  tii  i  iii  ni  i  iii  iiii  ii  ii  ii  iii  ii  i  ii  i  ii  ii  i  iii  iii  i  iii  minimi  i  ii  ii 

False 
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Frame  13 


This  current  reversal  It  accomplished  by  use  of  brushes  end  s  commutator 
A  co Mutator  Is  made  up  of  a  number  of  copper  segments  separated  by  la* 
sulating  spacers.    The  number  of  segments  depends  upon  the  number  of  loops 
placsd  la  the  megastlc  field,  the  type  of  coll  winding  used*  and  the  voltage 
applied  to  the  colls.    Bach  segment  Is  connected  to  a  coll.    The  colls 
are  wound  eo  their  sides  are  180°  apart. 


ARMATURE 


•qxtvw  man 


COMMUTATOR 


Complete  the  following  statement. 


end  a 


The  procedure  of  reversing  current  Is  accomplished  oy  using 


I II II II I  III  I  III  i  II I  III  III  1 1 II I II  III !  I II  III  III  I  III  till  III  il!  1 1 II II II II I II II 
brushes  commutator 
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Coif  lata  tha  following  •tatamants. 

1*    la  «  diagram  showing  currant  flow  la  a  conductor,  a  dot  (a)  indicated 
that  currant  flow  la   (into,  out  of)  tha  page. 


2.  Maxima  torqua  occura  whan  a  coil  

(inalda  of  )  (outalda  of)  tha  magnetic  field, 

3.  In  ordar  to  maintain  con tinuoua  rotation  of  a  coil,  currant  flow 
t   (ravaraa-not  reverae)  in  diraction  within  tha  coil  aa  it 


»veeps  paat  tha  nautral  plana* 

# 

4.    Each  segment  of  a  commutator  la  connactad  to  a  _ 

(coil-brush).  , 

///////////////////////////////////////////yX7//^//////////////////////// 


out  of 


2.    Inalda  of 


ravaraa 


4.  coil 


Frame  15 

Tha  amount  of  torqua  davalopad  In  a  coll  dapanda  upon  aavaral  factors-- 
tha  etrengtha  of  tha  two  raacting  magnatlc  field* *  and  tha  poaltlon  of  the 
coll  in  tha  field,    Latfa  take  Another  look  At  tha  dlfferant  poaltlona  of 
tha  coll  (loop)*    In  a  coll  carrying 
a  steady  current  located  in  a  uni- 
form magnetic  field,  the  torque  will 

vary  at  dlfferant  poaltlona  of  ro~  ztio  tokqui 

tatlon.    Whan  the  coll  la  parallel 

to  the  linea  of  force,  such  aa  at  ^ 
0°,  the  torque  la  maximum*    When  it  1  ^ 

ia  at  90°,  th*  torqua  la  at  minimum. 
At  other  poaltlona  tbe  .torque  ranges 
between  zero  and 


Torqua  on  a  Coll  at  Various 
Anglee  of  Rotation. 

Study  tha  illustration  And  answer  the  following  question* 

With  current  flow  end  force  in  the  direction  aa  ahcwn,  the  conductor 
will  rotate  in  a  direction? 

(clockwise)  (counterclockwise) 

///////////////////////////////////////////7///////7////V////////7//////// 

Counterclockwise 


ia 
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x  When  a  loo?  (conductor)  is  rotated* 
in  a  magnetic  field,  a  voltaga  ia  in- 
duced in  each  aide  of  the  loop,  aee 
figure  1.    During  rotation,  the  two 
aidea  (A  end  1}  of  tha  loop  cut  the 
magnetic  flux  lines  in*  opposite'  dir- 
ections.   Although  the  current  flow 
is  continuous  in  the  loop,  it  moves 
in  oppoaite  directione  with  respect 
to  the  two  aidaa  A  and  B.    To  check 
this,  apply  the  right  hand  rule,  aa 
shown  in  figure  2,  to  A  and  B  in 
figure  !•    Comparing  wires  A  and  B. 
When  the  loop  rotatea  half  a  turn, 
v&the  wires  have  exchanged  positions. 
The  induced  IMF  within  each  wire 
has  reversed  ita  direction.    When  two 
magnetic  polee  are  uaed,  the  induced 
voltage  reachea  ita. peak  value  and  revertea  ita  direction  twice  per  revo- 
lution.   Aa  a  motor  changes  electrical  energy  to  mechanical  motion,  it  is 
at  the  same  time  generating  a  voltage  (EM?)  becauae  it  moves  through  the 
magnetic  field. 


Figure  1.    Voltage  Induced 
in  a  Loop  Conductor* 


FLUX  FORWARO 


A CONDUCTOR 
T  MOVED  UP 


Figure  2.    Left  Hand  Rule. 

The  action  of  the  induced  EMF  will  always  oppose  the  applied  EMF 
in  a  motor  armature.    This  action  called  counterelectromotive  force 
(CEMF).    The  CEMF  tends  to  decrease  the  applied  EMF  on  the  armature. 
This  in  turn  decreaaes  the  total  armature  current. 

Is  the  following  statement  TRUE  or  FALSE? 

Counterelectromotive  force  (CEMF)  always  haa  the  same  polarity  aa  the 
applied  EMF. 

in /in  nil  ii  1 1  ii  ii  ii  1 1  iii  in  1 1 1!  ii  ii  illinium  in  1 1  ii  i  ii  ii  a  a  H  in  i  a  i 

False 
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Aa  tha  CDCT  gata  naarly  #4  larga  a*  tha  appliad  armatura  voltaga  tha 
armatura  currant  dscraaaaa*    Vary  littla  currant  la  raqulrad  to  knap  a  motor 
running  without  a  loud,  jus;  aoough  to  ovarcoma  alactrical  loaaaa  and 
friction.    If  a  gr**tar  load  la  put  on  tha  motor,  tha  motor  will  alow  down. 
Thin  raducad  apaad  cauaaa  tha  notor  to  tanarata  laaa  CZMF.    Slnca  thara 
la  now  laaa  CDfF  (inducad  voltaga)  tha  appliad  currant  will  bo  aUovad  to 
lncraaaa.    Tha  lscraaaa  In  currant  davalopa  a  graatar  torqu*  to  maka  up  for 
tha  iacraaaad  load.    Sine*  tha  appliad  vol tag*  ramalna  conatant,  thara  la 
a  daflnlta  apaad  for  aach  changa  of  load.    Tha  graatar  tha  load  tha  lovar 
tha  apaad.    Tha  CZMF  ic  tha  controlling  factor  in  apaad  and  tor^ua  ragu- 
latlon  of  a  notor. 

Salact  althar  TRUE  or  FALSE  for  tha  following  atatamanta. 

1.    From  our  diacuaaion  of  countaralactromotiva  forca  (CEMF)  va  can  say 
that  CZMF  la  Inducad  voltaga  or  currant  in  tha  armatura. 

2c    Countaralactromotiva  forca  la  alwaya  oppoalta  In  polarity  to  tha 
appliad  EMF. 

3.    CEMF  la  tha  controlling  factor  In  tha  regulation  of  tha  apaad  of  a 

motor. 

m 

nil  iii iuii iii i lit  iti ni i iii i ii i iiiiiiiiiii nil ii  iii i  ii ii mi  mm i in  iii 

T    1.         T    2.         T  3. 


Frau  18 

Aa  wa  bagln  to  dlacuaa  tha  diffaran  *  typaa  of  DC  motora,  lat'a  flrat 
covar  tha  major  parva  of  a  basic  DC  motor.    Thaaa  major  part-  ara  tha  arma  • 
tura  asaambly,  tha  fiald  aaaambly,  tha  bruah  aaaambly,  and  tha  and  irama. 

Thaaa  will  ba  dlaV^aaad  aaparataly  In  tha  following  framaa. 

/////////////////////////>X//////////////////////////////////////////;7// 

No  Raaponaa  Raqulrad 
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Frame  19 


The  anaature  assembly  con^ins  a  lamiiiated  *oft  iron  core,  colls,  and  a 
coMautator,  all  aountad  on  a  steel  shaft.    Lactations — layers  of  soft 
iron,  insulated  from  each  other — form  th*  anna turf  core.    Solid  iron  is  not 
used,  since  a  solid  iron  core  revolving  in  the  magnetic  field  would  heat  and 
use  energy  needlessly.    The  armature 
windings  are  made  of  insulate  1  copper 
wire.    They  are  Inserted  in  slots 
which  are  insulated  to  protect  the 
windings.    The  ends  of     .a  windings 
are  connected  to  the  commutator  seg- 
ments.   Wedges  or  steel  bands  hold 
the  winding*  in  place  to  prevent 
them  fro*  flying  out  of  the  slots 
when  the  armature  is  rotating  at 
high  speeds.    The  conoutator  is  made 
up  of  an  even  number  of  copper  seg- 
ments insulated  from  each  other  and 
fro©  tbi  armature  shaft  by  pieces 
of  mica. 


ARMATURE  ASSEMBLY 


Commute tcr 


Complete  the  following  statements. 

1«    A  soft  iron  core,  coils,  and  a  Commutator  make  up  the 
assembly. 

2.    Th    .nds  of  the  windings  are  connected  to  the   


3.    The  commutator  is  made  up  of  an  (even)  (odd)  number  of  copper 
s ftgmenta. 

///////'//////////// /////'//////////////////////////////////////////////// 

 1.    armature  2a     commuWtor  segments  3 .  even  
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Frame  20 


The  field  assembly  consists  of  the  field  frame,  the  pole  pieces,  and 
the  field  coils.    It  contains  laminated  soft  steel  pole  pier«s  on  which 
the  field  coils  are  wr    d.    A  coil,  consisting  of  severs]  turns  of  insulated 
wire,  fits  over  each  poxe  piece.    Together  with  the  pole,  it  makes  up  a 
field  pole.    It  is  this  field  assembly  that  takes  the  place  of  a  natural 
magnet  such  as  we  have  used  in  previous  illustrations.    By  winding  the  field 
pole  we  form  an  electromagnet. 

Identify  the  parts  that  make  up  the  field  assembly. 

1.    _____  2.    3.  

niiiin u  ii  ii  nil i iii 1 1 iii i  ii  ii  i!  i iii i  iii  i ni  iii ill  ii iii i ii  in  in  i a 1 1 in 


1.    pole  pieces 


2.     field  coils 


3. 


ield  frame 
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Frame  21 


The  brush  assembly  contain*  the  brushes  and  their  holders,    The  brushes 
•r«  usually  snail  blocks  of  carbon.    Thi '  material  lasts  a  long  time  and 

Jw  >nft  vaar  the  cosmutator  out  as 
quidtiy  as  othar  materials  might.  The 
holders  permit  some  play  in  th«  brushes 
so  they  <un  folltar  any  irregularities 
in  the  surface  of  the  commutator  and 
thai  sy  ruike  good  contact  at  all  times. 


^^J^TUtl  TYPf  Hush 


Spi^  >  hold  the  brushes  firmly 
agalns:  the  coonutator. 


•  OX  UM  HUSH 


Complete  the  following  statement. 
Brushes  are  usually  made  of  _ 


to  reduce  wear  on  the 


77777777777777777////,//////////////////////////////////////////////////// 

carbon  commute  t  or 


Frmne  22 

The  end  frame  is  the  part  of  the  motor  on  the  opposite  end  from  the 
conmwtator.    The  end  frame  is  usually  assigned  so  that  the  motor  can  be 
geared  on  that  end  to  the  unit  it  will  be  turning.    The  bearing  for  the 
drive  end  is  located  in  the  end  frame.    Sometimes  the  end  frame  is  made  a 
part  of  the  unit  driven  by  the  motor.    When  this  is  done,  the  be      \g  on 
the  drive  end  may  be  located  in  any  one  of  a  number  of  places. 

Select  TRUE  or  FALSE  for  the  statements. 

 1.    The  bearing  for  the  drive  end  is  located  in  the  end  frame. 

 2.    The  end  frame  is  a  part  of  the  commutator. 

3.    The  motor  is  usually  geared  to  the  unit  drive  on  the  end  frame. 

7777////////////////////////////////////////////////////////////////////// 

T     1.  F     2.  T  3. 
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Frame  23 


Match  the  units  listed  In  the  left  hand  column  btlow  to  the  major  part 
of  a  DC  motor  to  which  thay  balong  in  tha  right  hand  column. 


1.  foils,  commutator,  and 
soft  iron  core. 

2.  Brushes  and  brush  holders. 

3.  Bearings. 

4.  Pole  pieces,  fiald  coils 
and  fiuld  frame. 


a.  End  frame. 

b.  Field  assembly. 

c.  Armature  assembly. 

d.  Brush  assembly. 


iii  i  ii  si  ii  nil  ii  i  iii  ii  i  ii  i  ii  1 1  iiiiii  i  iii  nil  iii  i  n  i  iii  mumm  i  ii  iiiii  i 


Frame  24 

The  first  type  of  DC  motor  which  we  shall 
discuss  is  the  series  motor.    A  series  motor 
has  its  field  winding  connected  in  series 
with  Its  armature.    This  method  of  con- 
nection makes  it  necessary  for  the  field 
to  be  heavy  enough  to  carry  the  armature 
current.    Due  to  the  series  connection, 
the  field  winding  is  composed  of  relatively 
few  turns  of  heavy  wire  in  order  to  carry  the 
relatively  high  armature  current.  The 
same  current  that  flows  through  the  field 
winding  also  flows  throu     the  armature 
winding*    Therefore f  say  change  in  arma- 
ture current  is  accompanied  by  a  change 
in  field  strength. 

Select  the  letter  for  the  a.atement  vhich  completes  the  following*  statement. 
In  &  series  motor,  the  fie1  \  winding 

a.  is  connected  in  series  wich  the  commutator. 

b.  consists  of  a  few  turns  of  fine  wire. 

c.  is  connected  in  series  with  the  armature  binding. 

d.  has  a  separate  power  source. 
////////////////////////////////////////////////////////////////////////// 
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When  voltage  it  first  applied  to  a  series  motor,  a  high  starting  current 
flovi  and  a  large  starting  torqua  is  davtloptd.    Tht  large  starting  current 
is  due  to  the  *b»£?ce  of  CEMF,  and  the  low  resistance  of  the  armature.  As 
soon  as  the  developed  torque  becomes  great  enough,  the  armature  starts 
ifcto  motion.    It  accelerates  toward  its  normal  running  speed* 

Are  the  foMoving  statement*  TRUE  or  FALSE? 

1*    Because  of  the  low  resistance  in  the  windings,  the  series  motor 
draws  a  large  current  when  starting. 

2*    In  passing  through  both  the  field  and  armature  windings,  the 
starting  current  produces  a  high  starting  torque. 

lllllllliilllllllllllllllllllllllHIIIIIIIIIIIIIIIIIIIIIIIIIIIIItlllllllll 

  1.    TRUE  2.  TRUE  

Frame  26 

After  getting  started,  armature  current  begins  to  decrease  as  an  in- 
creasing CEMF  is  induced  into  the  armature.    This  decrease  in  armature 
current  also  decreaaes  motor  field  strength.    This  in  turn  attempts  to 
decrease  CEMF.    Due  to  thla  action  the  series  motor  continues  to  accelerate 
iu  an  attempt  to  maintain  CEMF  and  limit  armature  current  to  a  safe  value. 
If  the  mote    is  not  connected  to  a  load,  it  attempts  to  c-ferate  at  a  very 
high  speec  *hlch  may  result  in  motor  damage.    For  this  reason,  serier* 
a: tors  are  never  operated  without  a  load. 

From  the  foregoing  statements,  select  either  TRUE  or  FALSE  for  the  following: 

A  series  motor  *111  run  at  high  speed  when  it  has  a  light  load  and  at 
a  low  /peed  with  a  heavy  load. 

iii  iii  iinii  ii  i  ii  ii  iii  i  ni  ill  i  ni  iii  i  iii  ii  i  iiiii  i  ill  tin  i  ii  ii  mil  mm  ii 

 True  

Frame  27 

A  series  motor  will  slow  down  when  its  load  is  increased,  due  to  the 
Increased  opposition  to  armature  movement.    The  decreased  CEMF  caused  by 
the  decrease  in  motor  speed  results  in  an  increase  in  armature  current. 
The  increased  armature  current  provides  the  additional  torque  required  by 
the  increased  load.    A  series  motor,  because  its  field  strength  depends  upon 
armature  current,  requires  a  large  variation  in  speed  for  a  relatively  small 
change  in  torque.    Remember  ttwt  an  increase  in  armature  current  is  the 
result  of  a  decrease  in  speed.    This  also  increases  field  strength  which 
t«nd*  to  decrease  speed. 

Complete  the  following  statement* 

An               ^  in  armature  current  is  the  result  of  a  decrease  in 
armature    o    t  v  ;  . 

/7///////7/////V///////////////////////////////////////////////////7///7// 

lncreaae  apeed 
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Frame  28 


Direction  of  rotati;n  for  a  series  motor  nay  be  changed  in  one  of  two  ways 

1.  Reversing  currant  flow  in  tha  fiald  winding.  or 

2.  Revereing  currant  flow  in  tha  armature. 

Whan  aithar  of  thaaa  currants  ia  ravaraad,  motor  torqua  reverses  and 
tha  direction  of  rotation  ravaraaa.    Diraction  of  rotation  cannot  ba  ra- 
varaad by  ravaraing  tha  power  source  leads.    This  action  would  reverae 
currant  flow  in  both  tha  armatura  and  field  windings.    Whan  both  thaaa 
currents  are  ravaraad,  torque  remains  in  tha  same  directing  and  motor 
rotation  remains  unchanged. 

An  exception  to  this  is  the  small  motor  with  a  permanent  magnet  for  a 
main  field.    In  this  case  revereing  the  power  source  leads  only  raversea 
current  through  the  armature  windings  and  not  tha  main  (permanent  magnet) 
field. 

Identify  two  ways  by  which  diraction  of  rotation  may  be  changed. 


1. 
2, 

////////////////////////////////////////////////////////////////////////// 

1.  Reversing  direction  or  current  flow  in  the  field  winding. 

2.  Reversing  direction  of  current  flow  in  the  armature  winding. 


Frame  29 

to  review  whs?  has  b%cn  covered  in  the  last  few  frames ,  select  either 
TRDS  or  FALSE  where  needed,  cr  complete  the  statement. 


1,     In  a  series  motor,  the  field  winding  and  the  armature  windings  are 
connected  in  series. 

2c    The  large  starting  current  producea  a  high  starting  

3.    The  heavier  the  load  applied  to  the  series  motor,  the  faster  the 
apeed. 

A.    The  field  strength  of  a  series  motor  depends  upon  armature  and 
fiald  . 

////////////////////////////////////////////////////////////////////////// 
1,       T       2.    torque       3.       F  4.  current 
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Another  type  of  DC  motor  is  the  shunt  motor.    In  this  type  of  motoi,  the 
field  winding  is  connected  in  perellel  (shunt)  with  the  armature  winding. 
There  tie  two  circuits  through  the  shunt  motor — one  through  the  ermeture 
ead  one  through  the  field.    The  field  coils  ere  wound  with  relatively  smell 
wire  end  have  e  large. number  of  turns. 
In  this  type  of  winding  only  a  email 
current  flow  is  necessary  to  maintain, 
the  magnetic  field.    Because  the  field 
is  connected  directly  across  the  power 
supply  ths  megnetic  field  remains  con- 
stent.    Therefore,  the  torque  of  a 
shunt  motor  must  vary  with  the  current 


in  the  armature;  that  is,  if  the  arms-  (     )  mmatuii  <  ?fH€^T 

ture  curre*     'oubles,  the  torque  is  also 
doubled.    Since  the  field  strength  is 
cons cant,  the  motor  speed  will  be  con* 
stent  from  no  load  to  full  load.  The 
& hint-wound  motor  is  a  constant  speed  shunt  motoi 

J22i»    but  uecause  of  fixed  field  cur- 
rent, it  does  not  have  -  a  tar Sing  torque 
es  high  as  tho  series  motor. 

Is  the  following  statement  TRUE  or  FALSE? 

The  shunt  motor,  like  the  series  motor ,  has  a  high  starting  torque. 

////////////////////////////////////////////////////////////////////////// 

False 


Frame  31 

Small  shunt  motors  may  be  started  simply  by  connected  voltage  to  them. 
The  field  current  and  field  flux  rise  quickly  to  their  full  value.  The 
armature  current  also  rises  rapidly  since  CEMF  is  zero  when  the  armature 
is  stationary.    When  the  developed  torque  is  great  enough  to  overcome  the 
friction  and  inertia  of  the  armature  and  load,  the  armature  starts  into 
motion.    CEMF  proportional  to  motor  speed  is  induced  in  the  armature. 
The  CEMF  causes  armature  current  to  drop  rapidly  as  the  motor  accelerates. 
Armature  current  becomes  constant  when  motor  speed  becomes  constant. 

Complett  the  following  statements* 

1.  The  CEMF  causes  armature  to  drop  rapidly  as  the 

motor  speeds  up. 

2.  A  shunt  motor  has  two  circles— one  through  the   and 

one  through  the  , 

///////////////////////////////////////////,////////////////////////////// 
1.    current  2.    armature  3.  field 
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The  field  strength  of  tas  shunt  motor  resale*  constant.    Ths  operating 
characteristics  srs  quits  different  from  thoss  of  ths  ssriss  motor.  Ths 
shunt  motor  has: 

1.  Low  starting  torque. 

2.  Good  spssd  rsgulation. 

Ths  low  starting  torqus  doss  not  mean  ths  shunt  motor  cannot  bs  started 
with  a  load.    Instead,  it  in  dl  cat  as  that  given  a  ssriss  end  shunt  motor  of 
equal  else  end   horsepower,  ths  ssriss  motor  producer  grestsr  stsrtlng 
torqus. 

1.  Which  typs  of  motor*  ths  ssr_      ;r  shunt,  produces  ths  greater 
starting  torqus? 

2.  Which  typs  of  motor,  :he  ssriss  or  shunt,  has  the  better  speed 
rsgulation? 

II 1 1 II 1 1 II 1 1  III  I  III!  Illl  II II II 1 1  III  1 1  till  I II I II I  III  I II 1 1 II I  III  1 1  III  I II 1 1 II 
1.    Ssriss  motor  2.    Shunt  motor 


Frame  33 

A  shunt  motor's  direction  of  rotation  is  char^<l  in  the  asms  manner 
as  the  series  motor,  which  is: 

1.  Reversing  current  flow  in  the  armature.  or 

2.  Reversing  current  flow  in  the  field  winding. 

////////////////////////////////////////////////////////////////////////// 

Ho  Response  Required 
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Frame  34 


In  addition  to  the  » tries  and  shunt  motors  thert  are  also  compound 
motors.    We  won't  go  into  a  lengthy  discussion  of  these  motels  o'her  than 
to  point  out  the  different  types  of  compound  motors. 

CUMULATIVE- compound  motors  have  both  a  series  and  a  shunt  field  which 
are.  connected  so  that  the  series  windings  aid  the  shunt  field.    This  motor 
combines  the  characteristics  of  series  and  shunt  motors.    It  is  normally 
used  when  a  starting  torque  greater  than  that  of  a  shunt  motor  and  a  fairly 
constant  speed  are  desired. 

DIFTIlENTIAL-compound  motors  are  similar  to  cumulative-compound  motors 
in  all  respecte  except  the  field  windings.    In  this  type  of  motor  the  fields 
are  arranged  so  that  the  serlea  fields  oppose  the  main  shunt  field.  This 
weakens  the  main  field  and  tends  to  increase  the  speed  of  the  motor  as  the 
load  is  increased.    Due  to  this  opposition,  the  field  strength  decreases 
as  armature  current  increases. 


!  1 1 1 1 1 1 1 1  i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


OlMI  tf  NTIAI—  CO*POUN0 
WOUsO 


CUMULATIVE  —  COMPOUNO 
WOUND 


No  Response  Required 
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Frame  35 


The  accompanying  diagrams  show  the  operation  of  a  typical  DC  motor. 
As  you  study  thaaa  diagrams,  recall  tha  theory  of  operation  aa  vaa  ex- 
plained in  the  preceding  frame*. 


If  any  of  theae  illustrations  raise 

the  slightest  question,  go  back 

to  the  frames  that  explain  the  area 

In  which  you  are  having  difficulty. 


No  Response  Required 


Wo 

Fram?  36 

At  this  point  you  have  learned  some  of  tht  differences  associated  with 
the  DC  motors. 

Match  tht  letter  of  tht  motor  typts  on  tht  right  with  tht  DC  motor  char- 
scttrlstlcs  on  tht  Itft. 

1.  Fltld  winding  connected  in  parallel        A.    Strlts  motor, 
with  :ht  arm/",ure. 

B.    Shunt  motor. 

2.  Fltld  finding  has  only  a  few  turns 
of  htavy  wirt. 

3.  Poor  spetd  rtgulation. 

4.  Torqut  varies  with  current  in  the 
armature. 

5.  Has  low  starting  torque. 

6.  Has  highest  starting  torque. 

7.  Good  speed  regulation. 

8.  Large  current  when  starting. 

9.  -         Magnetic  field  remains  constant. 
10.  Must  operate  under  a  load. 

II  III!  I II I II II 1 1  III  I II  lllliill  1 1 II 1 1 II I  III  II  li  III  I  III  I II 1 1 II 1 1 II  Ull  II  Ipll 

1.    B      2     A      3.    A     4.     B      5.     B      6.    A     7.    B      8.    A     9.    B  10. 
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DC  MOTOR  AND  CONTROL  CIRCUIT  WIRING  DIAGRAMS 

OBJECTIVES 

Using  an  electric  diagram,  identify  a  minimum  of  8  out  of  10 
circuit  malfunction*  when  given  the  cause  and  the  circuit  c^dition. 

EQUIPMENT 

Basis  of  Issue 
Color  Pencils  Set  1/atudent 

I 

INSTRUCTIONS 

Pay  close  attention  to  all  directions  that  you  are  given  in  the 
text.    When  performing  in  the  text,  such  at  tracing  or  answering 
questions,  if  your  response  Is  incotrect,  restudy  the  information. 
At  the  end  of  this  workbook,  you  yill  "have  a  progress  check,  which 
will  be  graded  by  your  instructor.    If  you  are  ready  to  begin,  and 
have  no  questions,  proceed  with  the  lesson. 

r 

Exercise  1 

1.      Using  a  RED  pencil,  trace  the  following  voltage  sources  on 
figure  lr 

a.  Trace  from, the  bus  bar  dfirpugh  the  circuit  breaker 
(CB  No.  1}  along  wire  H1A18,  to  pole  Al.  '  With  the  circuit  breaker 
(CB)  pushed  in  (closed),  there  will  be  a  voltage  potential  (28V  DC) 
up  to  pole  Al.  h 

(1)    Voltage  stops  at  Al  because  relay  01  (Rl)  has  not 
been  energized.    The  spring  attached  to  the  armature  contact;  is  holding 
it  away  from  contact  A2  of  Rl,  thereby  breaking  the  electrical  circuit 
between  points  Al  and  A2  of  relay  #1  (Rl)\    Relay  Rl  is  called  £he 
close  relay. 

b.  Trace  from  the  bus  bar  through  the  circuit  breaker  (CB 
No.  2)  along  wire  H5A18  to  the  pole  of  the  control  switch.    With  the 
circuit  breaker*  (CB)  closed  there  will  be  a  voltage  potential  up  to 
the  pole  of  the  control  switch. 

(1)    Voltage  stops  at  the  pole  unless  the  switch  is  placed 
(moved)  to  either  the  OPEN  or  CLOSE  position. 
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c.  Next  trace  from  the  bus  bar  through  CB  No.  3  along 
wire  H2A18  to  pole  kl4   With  the  CB  closed  thara  will  ba  a  voltage 
potential  up  to  this  point. 

(1)    Voltage  etopa  at  thla  point  baceuee  R2  has  not 
baan  energised     Tha  spring , attached  to  tha  armature  contact  is 
holding  It  avay  froa  contact  A2  0&R2,  tharaby  breaking  tha  electrical 
circuit  between  points  Al  and  12  of  relay  #2  which  la  called  the  OPEN 
relay.  * 

d.  How  trace  frpife  the  bus  bar  through  CB  No,  4  across  wire 
H7A18  to  the  pole  of  the  TRANSFER  switch.  With  the  circuit  breaker 
dosed  and  tha  TRANSFER  switch  In  the  OFF  (open)  position  there  will 
be  a  voltaga  potential  up  to  tha  Twitch. 


cs 


NO  I 


CB  NO  3 


4 

C8 


NO  4 


SPRING 


MIA  18  • 


Al 


A2 


»||  M50I8N 


CON T AOL         r.  ™ 
SWJTCH^  n 

H5AIS  O-         m  OFF 


X2  3 

 o — J 

l||  M5E18N  v  X|  K 


*,    Close  Relay 


N5SIS  - 
H5CII  - 


"2  Open  Relay 


■H2AI3- 


SPRING 


f. 


M3AI8  • 


^S^b  


•RANSFER 
SWITCH 


■H7AI8- 


H7BI8 


H7CI8N 


TRANSFER  RELAY 


Figure  1. 

Afte::  tracing  tha  above  diagram,  turn  tha  page  and  compare  the 
diagram  ttat  you  have  traced  with  the  diagram  on  the  following  page. 
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Confirmation  for  Exarciee  1: 

The  bold  linee  in  the  diagram  below  indicate  the  circuit  that  you 
•hould  have  traced. 


u 
m 

cr 

a: 


HQ.  3 


m    Cloee  Relay 

Heavy  aolid  line 


la  the  RED  line. 


Open  Relay 


SPRING" 


-M3AI§- 


H4AI8- 


SWITCH 


H78I8 


l||  H7CI8N 


TRANSFER  RELAY 


If  your  diagram  was  correct,  continue  the  exercises.    If  not,  see 
your  Instructor. 
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Exercise  2 

1.     Using  an  ORANGE  pencil,  trace  the  ,cver  on  TRANSFER  relay 
circuit  in  figure  2, 

*       Start  from  the  vcltage  potential  vSich  is  on  the  pole 
(left  side)  of  the  transfer  switch.    Trace  through. the  switch  across 
wire  H7B18  to  point  XI  of  the  TRANSFER  relay  (R3) ,  through  the  coil  of 
the  relay  to  X2,  then  along  wire  H7C18  to  the  coimon  ground  point.  As 
soon  as  the  switcn  is  turned  on,  you  would  send  power  over  to  XI  of 
relay  R3  coil. 

(1)    Relay  R3  is  now  energized.    By  the  term  "energized" 
we  mean  that  the  relay  coil  become*  a  temporary  magnet.    With  relay  R3 
energised  the  relay  armature  con  acts  between  Bl  to  E2,  and  Al  to  A2 
will  be  pilled  down  toward  the  magnetized  relay  coil.    The  magnet  is 
strong  enough  to  overcome  the  spring  tension  that  normally  holds  the 
armature  contacts  sway  from  contacts  B2  and  A2  of  R3.    Relay  R3  is 
called  the  TRANSFER  relay. 

Note:    Th-j  vertical  dotted  lines  (running  up  and  down)  going 
through  the    elay  coil  up  to  and  through  the  armature  contacts 
Al  and  A2,  Bl  and  B2  indicates  that  when  the  relay  becomes  a 
magnet  anything  connected  to  the  dotted  lines  will  be  pulled 
toward  the  magnec.    Wnen  the  coil  is  not  magnetized  (without 
current  flow  in  the  coil)  the  springs  connected  to  armature 
pul-1  them  away  from  B2  and  A2  contacts.    Th>  dotted  line  indi- 
cates mechanical  linkage  is  used  to  pJLl  the  armatures  down. 
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NO  3 


M2AI8- 


SPRING 


-H3A18- 


TRANSFER 
SWITCH 


-  H4AI8  - 


SPRING 

 o^T  ^ 


3A  ^>  H7AI3 
CB  MO  4 


•  H78I8- 


RED  Fig 


XI 


X2 


l|j  H7CI8N- 
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Figure  2. 

After  tracing  the  above  diagram,  turn  the  page  and  compare  the 
diagram  that  you  have  traced  with  the  diagram  on  the  following  page. 
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Confirmation  for  Exercise  2: 


Th«  bold  liucf  in  the  diagram  below  indicates  the  circuit  that  you 
should  hav*  traced. 
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Note:    The  RED  line  is 
a  carry  over  from 
exarcise  1« 


I         TRANSFER  RELAY 


If  /our  diagram  was  correct,  continue  the  exercises.    If  not,  see 
your  instructor* 


Exercise  3 

1.     Using  a  BROWN  pencil,  trie*  the  armature  contacts  of  raley  3 
to  thfcir  energized  position  (DOWN,  Bl  to  B2,  Al  to  A2)  on  figure  3. 

e.     Remember;    When  the  reley  is  ,fnot  energized"  the  spring 
holds,  ♦•he  Armature  contacts  to  the  OPEN  position*    When  the  relays 
ere  energised  the  magnetic  fielc1  strength  overcomes  ths  spring  tensir 
and  pulls  ths  armature  contacts    ward  the  relay  coils. 
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figure  3. 
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'      TRANSFER  RELAY 


Affcejr  tracing  the  above  diagram,  turn  the  p&ge  and  compare 
tha  diagram  thatsycu  haVe  traced  with  the' diagram  on  the  following 
page/ 
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Confirmation  for  fcwrciae  3: 


8VJ 


The  bold  lines  (BROUN)  in  the  diagram  belov<  indicate  the  circuit 
that  you  should  have  traced. 
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|     TRANSFER  RELAY 


If  your  diagryn  was  correct,  continue  the  exercises.    If  not, 
see  your  instructor, 
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Exercise  4 


JL.      Ufring  a  BLUE  pencil,  trace  motor  #1  "Close"  circuit.    At  this 
point  you  suet  draw  the  control  switch  to  the  "lose"  position. 

a.  Start  the  trace  from  the  pole  (off)  position  of  the 
control  switch  *:o  the  close  position*    Trace  from  the  close  position 

of  the  control  switch  along  wire  number  RSB18  to  X2  of  relay  #1«  Trace 
through  the  coil  to  point  XI,  from  XI  along  wire  H5D18N  to  the  conation 
ground  point. 

(1)    You  now  have  a  28V  DC  potential  applied  to  the  relay 
1,  and  a  ground  for  it.    From  your  previous  study  cf  relays,  you  know 
that  the  relay  will  energize  (as  long  as  the  circuit  Is  good)  becoming 
a  temporary  magnet  and  will  pull  the  armature  contact  down  toward  the 
coll  making  contact  from  Al  to  A2.    This  completes  the  voltage  circuit 
from  circuit  breaker  #1  to  the  "Close"  side  of  the  motor. 

b.  Using  a  BLUE  pencil,  draw  the  contact  of  relay  Rl  to  the 
"down"  position. 

(1)    As  soon  as  the  electrical  path  is  made  across  Al 
to  A2  the  voltage  is  Impressed  to  pin  "B"  of  the  connector  plug  of 
motor  //I. 

c.  Again  using  the  BLUE  pencil,  trace  from  A2  of  Rl  over 
wire  H1B18  to  B  of  the  motor  #1,  through  the  limit  switch  contacts  ou 
the  motor  and  down  through  the  "Close17  armature  winding  of  the  motor 
to  pii~  "£"  over  wire  H6A18N  to  the  common  ground  point. 

(1)  With  pover  applied  to  the  "Close"  winding  in  the 
motor  and  a  good  ground  wire  the  motor's  armature  would  now  rotate 
and  turn  bofi  a  cam  (aae  figuva  4)  and  a  valve.  % 

(2)  When  the  cam  lobe  rotates  and  presses  the  plunger 
in  the  close  limit  switch  to  the  arrow  contact,  it  will  shut  off  power 
to  the  close  winding. 
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Figure  A. 

After  tracing  the  above  diagram,  turn  She  page  and  compare  the 
diagram  that  you  have  trecad  with  the  diagra  i  on  the  following  page. 
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Confirmation  for  Exercise  4: 

The  bold  line*  in  the  diagram  below  indicate  the  circuit  that  you 
should  have  traced. 


ill  i<N8IV9H— ![{ 


It  your  diagram  was  correct,  continue  the  exercises.    If  not,  see 
your  instructor,  ,  ^  c 
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Figure  4. 

After  tracing  the  above  diagram,  turn  Che  page  and  compare  the 
diagram  that  you  have  traced  with  the  diagram  on  the  following  page. 
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Confirmation  tor  Exercia*  4: 

Tha  bold  line*  in  the  diagram  below  Indicate  the  circuit  that  you 
should  hav#  traced* 


carryover 


If  your  diagram  was  correct,  continue  the  exercises.     If  .^t,  .e; 
your  instructor.  ^ 
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Figure  4. 

After  treeing  the  above  diagram,  turn  ehe  page  and  soap  ire  the 
diagraa  that  you  have  traced  with  the  diagram  on  the  fcllowing  page. 
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Confirmation  for  Exercise  4: 


Tha  boloV  1 
should  have  tra 


in  the  diagram  below  indicate^  £he  circuit  that  you 


Note:  The  FED  line  la  a  carryover 
from  exercige  1. 
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If  your,  diagram  we*  correct,  continue  the  exercises.    1/  not,  see 
your  instructor.  -  12  *^ 
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Exercise  5 

Turn  to  figure  5  and  familiarise  yourself  thoroughly  with  the 
beeic  pert*  of  the  DC  motor  valve  assembly.    This  sketch  shows  only 
the  parts  that  concern  us.    Locate  and  identify  each  labeled  part  by 
number. 

Although  this  is  a  simple  assembly,  let's  see  how  it  works.  As 
the  motor  armature  #1  rotates  it  will  then  turn  the  drive  gears  02. 
As  the  dslve  gears  rotate,  they  in  turn  rotate  the  valve  shaft  #3. 
At  this  point  the  valve  shaft  does  two  jobs.    First,  it  turns  the 
valve  butterfly  #4  either  to  the  open  or  closed  position.    Second,  it 
turns  the  limit  switch  actuating  cam  lobe  j?5.    Examine  the  cam  lobe 
carefully  and  note  what  it  looks  like  and  where  it  Is  located;  further 
note  that  the  cam  lobe  is  a  physical  part  of <he  valve  shaft. 

Figure  5  has  a  TOP  view  of  the  rotating  shaft  and  the  limit  switch 
actuation  by  cam  lobe.    Study  the  ^figure  closely. 

li  you  look  on  either  side  of  the  cam  lo.be  you  will  see  two 
rectangular  boxes.    These  are  the  "limit  switches ."    One  is  called 
the  "open"  limit  switch  and  the  other  Is  canted  the  "close"  limit 
switch, 

NOTE  THAT  THE  CAM  LOBE  IS  PERFECTLY  CENTERED  BETWEEN  THE  OPEN 
AND  CLOSE  LIMIT  SWITCHES, 

We  will  discuss  the  limit  switches ^  more  depth  later,  first 
complete Ithe  following.    Turn  ^:o  figure  5A  and  label  the  parts  of  the 
DC  motor  assembly.    If  you  encounter  any  difficulty  in  labeling  the 
parts  refer  back  cgifigure  5  and  become  more  familiar  with  them,  tfien 
you  complete  labellfcgt  refer  to  figure  5  tp  check  your  anavars.  When 
you  successfully  cdmptfeted  this  fcask,  go  otT~to  ^cercxse  6, 
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Exercise  6 


1.  Aa  you  recall  from  the  preceding  projects,  we  discussed  the 
location  of  the  limit  switches  in  conjunction  with  the  DC  motor  valve 
assembly.    Now  you  will  learn  exactly  tfhat  a  limit  switch  is,  how  it 
worka,  and  why  it  is  used. 

a.  k  .imit  switch  is  a  device  which  is  used  to  limit  or 
stop  something  from  running.    An  example  would  be  an  electrical  motor.  , 
When  a  valve  assembly  goes  to  full  travel  (either  full  open  or  full 
closed)  you  do  not  want  the  motor  to  continue  to  run.    Simply  stated 

we  could  say  a  motor  la  like  a  "door."    Once  it  is  closed  It's  closed, 
once  it  is  open  it's  opened,  so  why  waste  more  energy  trying  to  close 
or  ope.,  something  when  it  has  already  traveled  to  its  full  position. 

b.  A  limit  switch  is  used  to  stop  the  valve  assembly  from 
trying  to  go  past  the  fuliy  "closed  or  opened"  position.    The  limit 
switch  accomplishes  this  by  removing  power  from  either  of  the  armature 
windings.    If  we  did  aot  atop  motor  travel  the  motor  would  overwork 
and  probably  bum  up. 

2.  Refer  to  figure  6  and  locate  wire  H1B18.    If  we  were  to  send 
a  28V  DC  potential  to  point  B  of  the  motor,  power  would  be  impressed 
acroes  the  "Close"  armature  winding  of  the  motor  to  ground.  Remember, 
when  the  armature  is  energized,  the  armature  will  start  rotating  the 
valve  shaft,  turning  the  cam  lobe.    As  the  "cam"  lobe  leaves  the  neutral 
position  (by  the  arrow)  note  that  it  is  turning  toward  the  close  limit 
switch.    Dotted  lines  indicate  the  previous  position  of  the  cam  lobe. 
Only  the  wiring  that  is  necessary  for  this  explanation  is  shown. 

a.      Refer  to  figure  6a  and  notice  what  happens  to  the  cam 
lobe  and  limit  switch  after  the  motor  has  traveled  full  closed. 
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Figure  6, 
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b.      As  the  valve  assembly  fcioally  closes,  aotice  that  tne  can 
lobe  has  rotated  around  and  has  depressed  (pushed  in)  the  closed  limit 
switch  button.    If  you  study  figure  6a  very  closely,  you  will  notice 
that  the  cam  lobe  has  depressed  the  limit  switch  spring  and  contact. 
By  this  action  the  voltage  is  removed  from  the  "close1'  armature  winding. 
As  was  stated  previously  one  of  the  purposes  of  a  limit  switch  is  to 
stop  a  valve  frdfc^nening  or  closing  too  far.    We  do  this  simply  by 
removing  the  powerrrom  the  motor. 


(1)    Also  note  that  with  the  close  limit  switch  button 
depressed  the  28V  DC  power  has  been  re-routed  to  pin  D  and  then  along 
wire  #H3A18;  this  wire  indicates  that  it  goes  to  another  motor  (motor 
#2).    There  is  nothing  to  say  that  we  can't  use  the  28V  DC  for  other 
systems  after  it  does  its  primary  Job.    But  remember,  if  the  primary 
system  does  i\ot  operate,  there  is  no  way  that  power  can  be  re-routed. 
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MOTOR  NO  2 
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Figure  6a. 


c.  Now  you  know  why  the  closed  limit  switch  is  used;  it 
is  to  prevent  our  DC  motor  assembly  from  running  too  far  closed.  Its 
secondary  purpose  is  to  control  another  motor  circuit. 

d.  Now  let's  see  what  will  happen  if  you  apply  voltage  to 
the  "open"  side  of  the  circuit.    We  will  start  from  the  full  close 
position  and  go  to  the  full  open.    Refer  to  figure  6b. 

(1)  Assume  now  that  you  energize  a  circuit  and  send 
power  in  on  wire  number  R2B18  to  pin  A  of  the  motor,  through  the  open 
araature  winding  to  the  ground.    As  the  armature  starts  to  rotate 
toward  open,  the  valve  shaft  and  cam  lobe  start  turning  (dotted  lines 
&  direction  of  arrow) . 

(2)  Note  that  as  the  cam  lobe  is  turned  the  "Close" 
limit  switch  button  is  released.    Remember,  these  switches  are  spring 
loaded . 
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TO  CLOSE  SIDE 
MOTOR  NO.  2 

Figure  6b. 

(a)    This  action  sets  the  "close  side"  up  for 

operation  again. 

(3)    As  the  cam  lobe  reaches  full  travel  (shown  by  solid 
cam  Lobe)  the  limit  switch  button  has  been  depressed  and  as  a  result: 

(a)  power  is  removed  from  the  open  armature  winding. 

(b)  power  is  re-routed  along  wire  number  H4A18  to 
the  close  side  of  motor  #2. 

e.     To  better  understand  limit  switch  operation  refer  to 
the  electrical  display  box  #8  (located  in  the  classroom) .    Locate  the 
microswitch  cam.    Physically  turn  the  round  black  knob  (this  normally 
would  be  armature  rotating)  and  actuate  the  limit  switches.  Observe 
the  action. 

3.      With  your  knowledge  of  how  a  limit  switch  operates  and  why 
it  is  used,  continue  with  your  color  tracing  in  exercise  7. 
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Exercise  7 


Mote:  you  have  already  applied  power  to  motor  valve  //l  on  the  close 
aide  In  figure  4.  Let  us  now  say  that  the  valve  Is  fully  closed  and 
the  LIMIT  switch  Is  depressed. 

1.      Using  a  BLUE  pencil,  trace  motor  valve  #2  OPEN  circuit. 

a.  Draw  the  CLOSE  LIMIT  switch  In  the  depressed  position  in 
figure  7  then  trace  from  the  LIMIT  switch  contact  to  point  "D"  of  the 
motor. 

b.  Next  trace  from  point  "L"  of  motor  valve  #1  along  wire 
H3A18  to  Al  of  relay  R3. 

(1)  Back  In  exercise  3  you  have  already  energised  relay 
#3,  so  the  contacts  of  the  relay  are  down  and  ready  to  transfer  voltage 
across  Al  to  A2  and  on  to  motor  valve  #2. 

c.  Trace  across  the  oontacts  of  relay  R3  from  Al  to  A2. 

d.  Trace  from  A2  along  wire  H3B18  to  point  "A"  of  motor  valve 
#2  connector  plug.  t 

e.  Now  trace  from  "A"  of  the  connector  plug  of  motor  valve 
#2  through  the  LIMIT  switch  contacts,  on  through  the  OPEN  FIELD  winding 
of  the  motor.    Trace  from  the  field  winding  to  point  "E"  of  the  connector 
plug.    From  point  "E"  along  wire  H6B18N  to  the  common  ground. 

(1)    Stop  a  minute  and  examine  what  you  have  done  thus 
far  in  the  text. 

(a)    You  have  applied  power  to  your  circuits.  You 
put  the  power  to  work  by  closing  motor  valve  #1.    If  you  examine  your 
circuit  you  will  note  that  by  closing  motor  valve  iH  you  OPENED  motor 
valve  #2  through  the  use  of  the  LIMIT  switch  if  the  TRANSFER  switch  is 
CLOSED. 

Note:    Confirmation  page  for  exercise  7  is  identified  with  "BLUE 
FIG  7"  and  an  arrow  pointing  to  the  heavy  bold  line.    The  other 
heavy  bold  lines  are  identified  by  their  color  and  the  figure 
on  which  you  have  traced  the  circuit*    You  may  refer  back  to  these 
figures  as  needed* 
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Exercise  8 

1.     Using  a  GREEN  pencil,  trace  motor  #1  "open"  circuit. 

a.  Trace  from  the  pole  "OFF"  position  of  the  control  switch 
to  the  "OPEN"  position  of  the  control  switch. 

b.  Trace  from  the  open  position  of  the  control  switch  alon,j 
wire  #H5C18  to  X2  of  relay  #2,  through  the  coil  to  point  XI.  Trace 
from  XI  along  wire  Ha  i8N  to  the  common  ground  point. 

c.  Using  the  green  pencil,  draw  the  contact  of  relay  #2  to 
the  "UP"  position  (Al  to  A2) . 

(1)    As  soon  as  the  electrical  path  is  made  across  Al 
to  A2,  the  voltage  potential  that  was .up  to  Al  is  Impressed  across 
the  path  from  Al  to  A2  then  to  th'j  motor. 

d       Trace  from  point  A2  along  wire  H2B18  to  A  of  the 
connector  piug  of  motor  #1.  then  through  the  limit  switch  contacts 
anTon  through  the  open  field  winding  of  the  motor  to  point  E. 

e.     Trace  from  point  E  along  wire  H6A18N  to  the  common 

ground. 

(t)    With  power  applied  to  the  open  winding  and  a  good 
ground,  the  motor  armature  would  begin  to  rotate  and  open  the  valve. 

"     Note:    Before  continuing  with  the  rest  of  the  «£^efet 
back  to  esercise  6  describing  the  operation  of  the  open  limit 
switch,  then  continue  with  this  exercise. 

f  I     Ther,S  are  a  few  items  that  you  should  note  about  the 
combined  operation  of  the  wo  motors.    They  are: 

(1)  The  top  motor  (motor  #1)  controls  the  bottom  motor 
(aotor  n)  through  the  open  or  close  limit  switches. 

(2)  If  for  any.  rea90Ii  ootor  §1  d°68  Wt  °Perate  ^  * 
-  there  is  no  way  that  motor  #2  can  operate. 

(to    The  two  motors  operate  opposite  of  each  other;  when 
.tor  valve  #1  runs  "open  position,  ~tor  valve  #2  runs  to  the 
dose  position* 

(4)  When  motor  #1  runs  to  the  close  position  motor  #2. 
runs  to  the  open  position. 

(5)  Motor  #2  DOES  NOT  control  motor  #1.  If  only  motor 
K  },JZ     aU*  rm<?F    it  will  not  affect  motor  valve  #1. 

valve  #2  fails  to  OPEN, and/or  CLOSE,  ic  wixx  not 

Tf  ,h*xm  ie  anv  doubt  In  your  mind  pertaining  to  the  motor 
oration  ap  point,  go  bac/over  ALL  the  preceding  exercises. 
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Exercise  9 


Note:    You  have  already  applied  power  to  motor  #1  on  the  OPEN 
side  on  figure  8.    Let's  now  eey  thet  the  motor  is  finally  open 
end  the  limit  switch  has  been  depressed. 

1.      Using  a  GREEN  pencil,  trace  motor  #2  "Close"  circuit,  ; 

a.  Draw  the  depressed  OPEN  limit  switch  from  the  limit 
switch  to  point  C  of  the  connector  plug  on  motor  valve  #1. 

b.  Trace  from  point  C  of  motor  #1  along  wire  #H4A18  to 
point  Bl  of  relay  #3.    In  exercise  3  you  have  already  energized  relay 
J3»  so  the  contacts  of  the  relay  are  down,  and  ready  to  transfer  the 
voltage  to  motor  #2. 

c.  Trace  across  the  contacts  of  relay  #3  from  Bl  to  B2. 

d.  Trace  from  B2  along  wire  0R4B18  to  point  B  of  motor  #2* 

e.  Now  trace  from  point  B  of  the  connector  plug  of  motor 
42  through  the  limit  switch  contacts  through  the  close  field  winding 
of  the  motor  at  point  E. 

f .  Trace  from  point  E  of  the  motor  along  wire  H6B13N  to 
the  common  ground  point.    Again  let's  see  what  you  have  done.  You 
have  turned  the  control  switch  to  the  OPEN  position.    In  turn  you 
OPENED  motor  #1  and  CLOSED  motor  #2. 
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Using  figure  1C  and  figure  11,  you  will  identify  the  circuit 
malfunction^)  in  the  DC  motor  control  circuit  which  are  all  caused 
by  open  circuit(s).    You  will  place  an  "X"  in  the  block  which  will 
give  you  the  correct  circuit  malfunction.    The  Tirst  one  (1)  has  been 
done  for  you.    The  second  one  you  must  do  for  practice  and  have  it 
checked  by  your  instructor  before  you  progress  to  the  problems  in 
the  progress  check. 


PRACTICE  PROBLEM  1 


First  look  at  figure  11  and  find  practice  problem  1  and  then, 
using  figure  10,  look  for  problem  //l  in  the  DC  reversible  motor  con- 
trol circuit.    After  you  have  found  *1  on  figure  10,  you  will  see 
that  it  points  to  an  open  ground  for  motor  valve  #1.    Remember  that 
all  the  problems  given  in  this  exercise  are  open  circuits. 

1.  Figure  11  gives  you  the  answer  sheet  for  practice  problem  #1. 

2.  Figure  10  gives  you  the  location  of  the  open  circuit  H6A18N 
ground  for  motor  valve  #1. 

Note:    An  "OPEN  CIRCUIT1*  may  be  a  condition  of  an  electrical 
circuit  caused  by  tha  breaking  of  continuity  of  one  or  more 
of  the  conductors  of  the  circuit;  usually  an  undesired  condi- 
tion.   It  may  also  be  a  circuit  which  does  not  provide  a 
complete  path  for  current  to  flow. 

3.  The  left  column  of  figure  11  gives  the  circuit  condition 
for  each  open  circuit  (control  switch  closed  and  R3  energized).  In 
problem  #1  the  open  ground  circuit  will  not  allow  the  electrons  for 
flow,  thus  affecting  both  the  CLOSE  and  OPEN  windings  (load)  of  the 
motor.    You  also  know  from  exercise  8  if  motor  valve  #1  fails  to 
operate  motor  #2  will  also  tail  to  operated    With  this  in  mind  select 
the  correct  circuit  malfunction  given  at  the  top  of  figure  11  by  placii 
an  "X"  in  the  correct  block,  which  haa  already  been  done  for  you. 

The  selection  made  is  circuit  malfunction  (motor  valve  ifl  and  #2 
inoperative)  .    This  is  the  only  complete  and  correct  answer  because 
the  motor  ground  is  for  both  the  OPEN  and  CLOSE  windings,  this  causing 
motor  valve  #1  to  be  completely  inoperative.    Because  motor  valve  //l 
must  operate  before  motor  valve  //2,  motor  valve  #2  is  also  inoperative 
The  above  circuit  malfunction  will  result  regardless  of  the  control 
switch  position  (close  or  open). 

You  might  have  selected  circuit  malfunction  (motor  #1  will  not 
close  and  motor  #2  will  not  open)  which  is  only  half  (1/2)  correct. 
This  states  only  half  of  what  is  wrong  with  each  motor  valve.  You 
oust  remember  the  motor  valve  grounds  will  affect  both  the  open  and 
close  operation  of  its  motor. 

Note:    Be  very  CAREFUL  in  selection  of  the  circuit  malfunctions. 
They  must  describe  axactly  what  is  malfunctioning,  nothing  more 
or  less.    Also  always  note  the  position  of  the  control  and 
transfer  switches  given  in  the  circuit  condition  column  in 
figure  1. 


PRACTICE  PROBLEM  #2 

First  look  at  figure  11  and  find  practice  problem  2  and  then 
using  figure  10,  look  for  problem  02  in  the  DC  motor  control  circuit. 
After  you  have  found  #2  on  figure  10,  you  will  see  that  it  points  to 
motor  2  open  control  circuit.    Remember  all  the  problems  given  are 
open  circuits. 

1.  Figure  11  gives  you  the  answer  sheet  for  practice  problem  //l. 

2.  Figure  10  gives  you  the  location  of  the  open  circuit  H3A18 
for  motor  #2  open  circuit. 

3.  '     The  left  column  of  figure  11  gives  the  circuit  condition  for 
each  open  circuit  (control  switch  closed  and  R3  energized) .    Problem  #2 
open  circuit  will  not  allow  the  electrons  tc  flow,  thus  affecting  only 
the  open  winding  in  motor  2  with  R3  energized.    You  know  from  the  past 
exercises  that  if  R3  is  energized  and  motor  1  will  close  the  valve 
normally  that  motor  2  is  to  open  its  valve*    With  this  in  mind,  select 
the  correct  circuit  malfunction  given  at  the  top  of  figure  11  by 
placing  an  ,fX"  in  the  correct  block.    Your  instructor  will  grade  your 

work  and  initial  it  if  you  are  to  progress  to  the  next  five  problems.  ^ 

The  next  five  problems  will  not  be  done  any  place  but  in  the 
classroom  and  under  the  supervision  of  the  instructor.    You  will  not 
do  these  problems  in  the  barracks  or  at  home.    You  must  identify  a 
minimum  of  8  out  of  10  circuit  malfunctions  correctly.    Your  instructor 
must  check  your  work  after  the  first  five  problems.    If  your  instructor 
says  your  work  is  satisfactory  the  instructor  will  initial  your  work 
allowing  you  to  progress.    If  the  instructor  says  your  work  is  unsatis- 
factory, it  will  not  be  initialed  and  you  will  folic  /  the  instructions 
of  the  instructor. 
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CIRCUIT  CONDITION 
Control  Sw.  CLOSED  and  R3  energized. 
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*ISTRUCTOR  MUST  INITIAL  BEFORE  STUDENT  IS  TO  PROGRESS 


Control  Sw.  CLOSED  and  R3  energized. 


Control  Sw.  CLOSED  or  OPEN  and 
R3  energized. 


Control  Sw.  CLOSEL  or  OPEN  and 
TRANSFER  Sw.  CLOSED. 


Control  Sw.  CLOSED  and  R3  deenergized. 


Control  Sw.  CLOSET  and  R3  energized. 
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INSTRUCTOR  MUST  INITIAL  BEFORE  STUDENT  IS  TO  PROGRESS 


Control  Sw.  OPEN  and  R3  energized. 


Control  Sw.  OPEN  and  R3  deenergized. 


Control  Sw.  OPEN  or  CLOSED  and 
R3  deenergized. 


Control  Sw.  OPEN  and  R3  energized. 


"ontrol  Sw.  OPEN  and  R3  deenergized. 
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INSTRUCTOR  MUST  INITIAL  BEFORE  STUDENT  IS  TO  PROGRESS 


Figure  11. 
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•     Environmental  Pnaudraulics  Branch  3ABR42331-WB-114A 

Chanute  AFB, -Illinois  \ 

DC  MOTOR  AND  CONTROL  CIRCUIT  TROUBLESHOOTING 

OBJECTIVE 

Using  DC  motor  control  circuit,  electr^al  diagrams,  and  multi- 
meter, locate  and  record  a  minimum  of  4  of  the  5  troubles. 

EQUIPMENT 

Basis  of  Issue 
Trainer  ,P/N  18501387,  DC  1/student 

Reversible  Motor  System 
Multimeter  1/student 

CAUTION:    Remove  watches,  rings,  bracelets ,  .etc . ,  before 
starting  any  work  on  the  equipment.     It  is  also  a  good,,  safety 
practice  to  work  on  the  equipment  with  one  hand.    This  practice  > 
reduces  the  chances  of  receiving  an  electrical  shock  to  some 
vital  body  organ  when  working  with  electricity. 

PROCEDURE 

The  first  seven  pagae  will  be  done  without  the  trainer.  They 
may  be  done  in  the  lab  and/or  classroom  at  the  descretion  of  the 
instructor (s).    Page  8  on  will  be  done  in  the  lab.    After  you  get 
to  the  lab  ask  the  lab  instructor  to  assign  you  a  trainer  to  complete  a 
the  workbook  and  progress  check.    You  will  also  need  a  multimeter. 
Follow  the  procedures  that  are  given  \n  each  exercise. 

* 

When  you  leave  your  trainer  for  .a  scheduled  or  unscheduled  break, 
insure  that  the  following  procedures  are  done  before  you  leave. 

1.  Place  the  CONTROL  SWITCH  to  the  OFF  or  center  position. 

2.  Place  the  TRANSFER  SWITCH  to  the  OFF  position. 

3.  Secure  your_  multimeter  during  this  period. 

a.  Insure  Che  controls  on  tha  meter  are  properly  set 

for  storage.  t  _ 

b.  Leave  the  test  leads  attached  to  the  meter. 

c.  Wrap  the  test  leads  around  the  meter. 

d.  Place  the  meter  on  the  locker  shelf. 

4.  When  you  return  from  your  break  take  the  same  meter  from 
the  locker  and  go  back  to  work.  ,  s 

Supersedes  3hBR42331-WB-114A,  30  December  1976 
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1.     Before  stating  with  the  troubleshooting  exercise,  thoroughly 
refamiliarize  yourself  with  the  operation  of  the  voltmeter, 

a.      In  order  for  the  multimeter  to  read  voltage  (AC  or  DC) 
there  must  be  power  applied  .to  the  circuit  to  have  a  voltage  potential 
or  a  difference  between  a  positive  point  and  a  negative  point. 

(1)  Id  better  understand  what  is  meant  by  this,  look 
at  figure  1  below  and  continue  reAding. 

(2)  If  the  voltmeter  leatfs  were  placed  into  the  circuit 
as  shown  in  figure  1,  the  meter  would  indicate  a  "0"  (zero)  voltage 
reading  ,    The  reason  is  because  the  wire  between  the  two  leads  allows 
the  same  voltage  (pressure)  to  exist  at  both  ends  of  it.    Because  its 
the  same  at  both  ends,  the  mc  <*r  cannot  measure  a  difference* 


VOLTMETER 
T 


METER  INDICATES 
H0"  VOLTS 


SWITCH 


Figure  I, 

Note:    Always  place  the  negative  (black)  lead  at  the  most  negative 
(~)  point  and  the  positive  (red)  lead  at  the  most  positive  (x) 
point . 

(3)    In  figure  1  locate  the  28V  DC  bus  (+)  and  note  that 
the  wire  coming  off  the  bus  is  merely  an  extension  of  the  positive  power 
source  going  through  a  protective  device  (CB) •    Therefore,  the  wire  is 
as  equally  positive  at  the  power  bus  as  it  is  at  the  pole  of  the  switch. 

b.     Now  let's  look  C  the  negative  side  of  the  circuit- . 
Refer  to  figure  2.    If  you  were  co  place  the  meter  leads  in  the  circuit 
as  shown,  the  meter  also  would  give  an  indication  of  "0"  volts. 
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Figure  2. 


(1)  As  you  know  there  must  be  a  voltage  potential 
and/or  drop  in  the  circuit  for  the  voltmeter  to  read.    This  normally 
caused  by  resistance  (load)  between  the  red  and  black  leads  when  they 
are  connected  in  a  circuit. 

(2)  The  ground  wire  is  hooked  from  point  XI  of  the 
relay  coil  to  the  (.if  )  ground  point. 

Note:    Because  of  the  reading  of  zero  voltage  in  figures  1  and  2 
these  two  wires  are  GOOD  circuits  WITHOUT  opens. 

c.      IF  you  had  a  voltage  reading  on  the  negative  side  of 
the  circuit  in  figure  2,  which  you  should  NOT  have,  it  would  stand 
to  reason  that  iotnetbing  must  be  wrong  with  tne  circuit,  but  what? 

vl)    Refer  to  figures  2  and  3  and  note  in  figure  3  that 
th    ground  wire  for  this  circuit  is  broken  (which  will  automatically 
make  the  circuit  not  work).    Note  the  way  the  meter  is  connected  in 
figure  3.    The  28V  DC  reading  is  caused  by  the  (high  resistance)  open 
wire  in  the  ground  circuit. 

(a)  There  is  a  definite  ventage  difference 
in  the  ground  circuit  in  figure  3. 

(b)  Only  one  side  of  the  broken  ground  circuit 
in  figure  3  is  uuw  physically  connected  to  just  the  positive  side  (+) 
of  the  circuit.    This  is  the  part  of  the  ground  circuit  connected 

to  X2  of  the  relay  coil. 

(c)  The  other  side  of  the  broken  ground  circuit 
in  figure  3  is  physically  connected  tc  the  negative  siae  (-)  ground 
point  of  the%circuit.  ^9  9 
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Figure  3. 


(d)  The  black  meter  lead  is  connected  to  the 
negative  side  in  figures  2  and  3. 

(e)  The  red  miter  lead  is  connected  to  the 
positive  side  in  figures  2  and  3. 

1       The  meter  reads*         difference  between 
the  two  points  (+  to  -)  .    This  is  because  of  the  broken  ground  wire. 
If  the  wire  was  not  broken  you  would  have  the  conditions  as  shown 
in  figure  2,  a  good  circuit. 


Figure  4. 
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a       No„  let's  see  how  the  meter  MUST  be  connected  to  the 
checkpoint. 

o£  28V  DC.    I*t    «.  U  *  ^(r.!.,  coil) 

SSS  S  -  St.r-'t.nl^0"  tfZ  circuit,  m. 
reading  is  obtained  with  power  on. 


METER  INDICATES 
28  VDC 


RED  LEAD  / 

2 
8 
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Relay 
coil 


Figure  5. 

Tn  fi2ure  5  there  is  infinity  resistance  in  the 
f  L  «IHhNh.  open  in  the  switch  is  a  NORMAL 
open  contacts  of  the  switch,    me  °Pe  position.    This  causes 

condition  if  the  switch  is  turned  to  the OFF  posit i^  ^ 
the  meter  to  read  28V  DC  as  shown  in  ^       h  the  gwitch  closed 

X^^^V^^  of  the  ioad  (reiay 

CoWare  the  polarities  W  and  «  «  ««  «~  < 


Note 


and  5 


e:     Compare  cne  -  '  ,    .  , 

They  changed  because  of  the  switch  position. 


,       Let's  take  another  reading  of  this  circuit  in  figure  6. 

ur«i« « 5-r -  " « *  -i  ?ositi,e  (t)  polnt  ln 

circuit  baing  measured, 
coil  (load) . 
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Figure  6. 


NOTE  AND  REMEMBER:    In  order  for  the  multimeter  to  indicate 
voltage,  there  must  be  a  voltage  potential  or  a  difference 
between  positive  (+)  and  negative  (-)  which  ?c  normally  caused 
by  a  resistance  (load,  open,  high  resistance,  etc.)  between  ''hem. 
When  you  start  to  take  a  voltage  reading,  you  should  "automatically 
ground"  your  black  meter  lead. 
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Exercise  1 


Caution:    Remove  watches,  ringt  ,  bracelets,  etc.,  before 
starting  any  work  on  the  trainer.    It  is  also  a  good  safety 
practice  to  work  on  the  trainer  with  only  one  hand.  This 
practice  reduces  the  chances  of  receiving  an  electrical  shock 
to  some  vital  body  organ  when  working  with  voltage. 

1.  Trainer  Troubleshooting:    Before  you  can  effectively 
troubleshcot  the  DC  motor  trainer,  you  must  become  thoroughly 
familiar  with  the  normal  operation  of  the  system.    An  operational 
checkout  MUST  be  performed  prior  to  troubleshooting  to  determine 
the  condition  of  the  system  and  to  help  you  locate  exactly  which 
portion  of  the  system  is  defective.    Knowing  when  and  how  the 
systems  operate  normally  is  the  key  to  successful  troubleshooting. 

2.  Follow  the  procedures  below  and  perform  an  operational 
check  of  the  system  with  relay  R3  energized. 

a.  Insure  all  (4)  circuit  breakers  are  pulled  out. 

b.  Place  control  switch  in  the  OFF  position. 

c.  Place  transfer  switch  in  the  OFF  position. 

d.  Place  all  trouble  switches  toggles  to  the  OUT 
position.    These  are  located  on  the  back  of  the  trainer. 

e.  Insure  trainer  is  plugged  in. 

f.  Push  in  all  four  (4)  circuit  breakers.    This  supplies 
28V  DC  for  the  system. 

g.  Place  the  TRANSFER  switch  to  the  ON  position.  Leave 
the  TRANSFER  witch  ON  for  exercise  1.    When  the  TRANSFER  switch 

is  turned  ON  relay  #3  will  be  energized. 

Note:    If  you  have  any  questions  at  this  time  see  your  lab 
instructor.    As  you  perform  each  of  the  following  steps,  plsce 
an  X  in  the  blank  that  correctly  indicates  relay  or  motor 
position.    You  will  observe  the  motor  valve  operation  and  also 
study  the  electrical  diagram  on  the  trainer  to  answer  the 
questions. 

h.  Plact  the  CONTROL  switch  to  the  CLOSE  position  and 
insure  the  TRANSFER  switch  is  in  the  ON  position. 

(1)    Which  relay  should  and  did  energize? 

 (a)    Relay  #1  (close  relay) 

 (b)    Rolay  02  (open  relay) 
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(2)  Which  motor  valve  opened? 

 (a)    Motor  valve  #1 

 (b)    Motor  valve  #2 

(3)  Which  motor  valve  closed? 
(a)    Motor  valve  #1 

 (b)    Motor  valve  #2 

(4)  Should  R3  be  energized? 
 (a)  No 

 (b)  Yes 

1.      Place  the  CONTROL  switch  in  the  OPEN  position  and  insure 
the  TRANSFER  switch  is  In  the  ON  position. 

(1)  Which  relay  should  and  did  energize? 
 (a)    Relay  #1  (close  relay) 

 (b)    Relay  #2  (open  relay) 

(2)  Which  motor  valve  opened? 

  (a)    Motor  valve  #1 

 (b)    Motor  valve  #2 

(3)  Which  mot6r  valve  closed? 

 (a)    Motor  valve  #1 

 (b)    Motor  valve  #2 

(4)  Should  R3  be  energized? 
 (a)  No 

 (b)  Yes 

This  completes  the  operational  check  procedures  with  R3  energized, 
now  compare  your  answers  to  those  given.    This  way  you  will  know  that 
the  trainer  is  operating  normally. 
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Correct  responses  to  Exercise  1: 

h.      (1)  a  U      Si!  b 

(2)  b  (2)  a 

3  a  (3)  b 

(4)  b  <*>  b 

If  all  of  your  answers  agree  with  those  given  above    you  are  now 
ready  to  <egin  operational  check  with  transfer  switch  OFF  (R3 
deene^gi^d) .    If  your  answers  do  not  agree,  perform  the  operational 
check  again  or  ask  your  instructor  for  assistance. 

Exercise  2 

1.      Following  the  procedures  below,  perform  an  operational  check 
of  the' system  with  relay  R3  deenergized. 

a.  Insure  all  circuit  breakers  are  in  and  power  is  applied 
to  the  trainer. 

b.  Place  the  TRANSFER  switch  to  the  OFF  position. 

c.  Place  the  CONTROL  switch  in  the  OFF  position. 

d.  Insure  all  trouble  switches  toggles  are  to  th«  OUT 
position.    These  are  located  on  the  back  of  the  trainer. 

Note-    If  you  have  any  questions  at  this  time  see  your  lab 
instructor!   As  you  perform  each  of  the  following  steps,  place 
an  X  in  the  blank  that  correctly  indicates  relay  or  motor 
oosition.    You  will  observe  the  motor  valve  operation  and  also 
stuny S.  electrical  diagram  on  the  trainer  to  answer  the  questions. 

e.  Place  the  CONTROL  switch  to  the  CLOSE  position,  and 
insure  the  TRANSFER  switch  is  in  the  OFF  position. 

(1)  Which  relay  should  and  did  energize? 
 (a)    Relay  #1  (close  relay) 

 (b)    Relay  #2  (open  relay) 

 (c)    Relay  #3  (transfer  relay) 

(2)  Should  motor  valve  #2  have  opened? 
 (a)  No 

 (b)  Yes 

(3)  Should  motor  valve  relay  #2  have  closed? 
 (a)  No 

(b)  Yes 
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(4)    Should  motor  valve  til  have  opened? 
 (a)  No 


(b)  Yes 


(5)  Did  motor  valve  111  close? 
 (a)  No 


(b)  Yes 


(6)  Is  relay  R2  energized? 
 (a)  No 


(b)  Yes 


(7)  Is  relay  R3  energized? 
 (a)  No 

 (b)  Yes 


£.      Place  the  CONTROL  switch  to  the  OPEN  position,  and 
insure  the  TRANSFER  switch  is  in  the  OFF  position. 

(1)    Which  relay  is  energized? 

 (a)    Relay  #1  (close  relay) 


_(b)    Relay  #2  (open  relay) 
(c)    Relay  #3  (transfer  relay) 


(2)  Should  motor  02  valve  have  opened? 
 (a)  No 

 (b)  Yes 


(3)    Should  motor  valve  #2  have  closed? 
(a)  No 

 (b)  Yes 


(4)  Should  motor  #1  valve  have  opened? 
 (a)  No 

 (b)  Yes 


(5)  Should  motor  valve  1H  have  closed? 
 (a)  No 


(b)  Yes 


(6)    Is  relay  Rl  energized? 

 (a)  No 


(b)  Yes 
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(7)    Is  relay  R3  energized? 

 (a)  No 

 (b)  Yes 


This  completes  the  operational  check  procedures  with  R3  deenergized, 
now  compare  your  answers  to  those  given.    This  way  you  will  know  that 
the  trainer  is  operating  normally. 

Correct  responses  to  Exercise  2: 

e.      (1)  a  f.      (1)  b 

(2)  a  (2)  a 

(3)  a  (3)  a 

(4)  a  W  b 

(5)  b  (5)  a 

(6)  a  (6)  a 

(7)  a  (7)  a 

Exercise  3 

If  you  are  thoroughly  familiar  with  the  normal  operation  of  the 
system  you  will  now  start  with  troubleshooting,  it  you  are  ii  doubt 
ubout  the  normal  operation  of  the  system,  see  your  lab  instructor. 

1.      Follow  the  procedures  below  to  program  a  cause  for  a  mal- 
function in  the  trainer. 

a.  Insure  power  is  connected  to  the  trainer.    See  your  lab 
instructor  if  needed. 

b.  Insure  the  CONTROL  switch  is  in  the  OFF  or  center 

position. 

c.  Insure  TRANSFER  switch  is  in  the  OFF  position. 

d.  Insure  the  circuit  breakers  (CB)  art  pushed  in. 

e.  Sign  out  a  multimeter  and  insure  it  is  properly  set  up 
and  leads  connected  to  the  meter.    Place  the  meter  in  the  meter  box 
on  top  of  the  trainer. 

Note:    As  you  can  see  on  the  wiring  diagram,  the  bus  bar  has  28V 
DC  and  the  multimeter  must  be  set  up  for  these  values. 

f.  Insure  that  all  the  trouble  switches  on  the  back  of  the 
trainer  are  in  the  OUT  position. 

g.  Now  place  trouble  switch  #2  on  the  back  of  the  trainer 
to  the  IN  position. 
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Exercise  4 


1.      Now  you  are  ready  for  the  operational  check  of  the  system* 
Remember  you  are  now  looking  for  a  visual  malfunction  of  the  valve(s) 
during  the  operational  check. 

Note:    You  are  going  to  use  trouble  switch  #2  on  the  back  of  the 
trainer  for  the  first  practice  malfunction.    The  trouble  switch 
on  the  back  of  the  trainer  when  placed  to  the  "IN"  position  will 
place  a  trouble  in  the  electrical  control  circuit  giving  a  mal- 
function.   Because  the  location  of  the  cause  for  the  malfunction 
is  unknown  to  you  in  the  circuit,  you  will  need  to  perform  a 
complete  operational  check  and  then  troubleshoot  the  malfunctioning 
circuit  with  a  multimeter.    Once  you  have  moved  a  trouble  switch 
to  the  IN  position  you  will  leave  it  there  until  this  workbook 
and/or  instructor  instructs  you  otherwise. 

a.  Place  the  CONTROL  switch  to  the  OPEN  position, 

(1)    What  has  happened?    Motor  valve  #1  should  be  in 
OR  is  going  to  the  OPEN  position.    Is  this  normal  operation?  From 
your  studies  you  know  it  is  correct. 

b.  Place  the  TRANSFER  switch  to  the  ON  position. 

(1)    What  has  happened?.   Motor  valve  92  should  be  in 
OR  is  going  to  the  CLOSE  position.    Is  this  normal  operation?  From 
your  studies  you  know  ^t  is  correct.     (Motor  valve  #1  OPENS  and  then 
motor  valve  #2  CLOSES.) 

Note:    You  can  look  through  the  clear  plastic  cover  on  motor 
valve  91  and  observe  the  action  of  the  armature  shaft  rotating 
the  cam  lobe  toward  the  limit  switch*    On  both  motor  valve 
assemblies  you  can  observe  the  valve  butterfly  movement  through 
the  clear  plastic  covers. 

c.  Place  the  TRANSFER  switch  in  the  OFF  position  and 
CONTROL  switch  in  the  CLOSE  position . 

(1)  What  happened9    Motor  valve  #1  should  but  did  not 
CLOSE.    The  TRANSFER  switch  is  in  the  OFF  position  which  will  not 
allow  motor  valve  #2  to  operate. 

(2)  Refer  to  the  practice  problem  chart  on  page  17. 
Make  the  correct  entry  under  the  malfunction  OFF  column.    The  entries 
made  will  be  one  of  the  letters  shown  below  in  that  chart  which 
identifies  the  correct  malfunction.    Trouble  switch  #2  has  already 
bean  completed.    The  letter  G  (motor  valve  #1  will  not  close)  is 
entered  in  the  OFF  column.    This  is  because  the  TRANSFER  switch  is 

in  the  OFF  position. 

d.  Insure  the  control  witch  is  in  the  CLOSE  position  ana 
place  the  TRANSFER  switch  in  the  ON  position. 
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(1)  What  happened?    Motor  valve  #1  would  be  but  is  not 
CLOSED  and  motor  valve  02  did  not  OPEN.    This  is  the  observable  mal- 
function because  you  can  see  whru  DID  NOT  happen  through  the  plastic 
covers  on  the  motor  valve  assemblies.    (Motor  valve  #1  will  not  CLOSE 
and  motor  valve  it'l  will  not  OPKN.) 

(2)  Refer  to  the  practice  chart  on  page  17.    Make  the 
correct  entry  under  the  malfunction  ON  column.    The  entry  made  will 
be  one  of  the  letter(s)  shown  below  the  chart  which  gives  the  correct 
malfunction.    The  letter  A  (motor  valve  #1  will  not  CLOSE  and  motor 
valve  #2  will  not  OPEN)  is  entered  in  the  ON  column. 

(3)  This  observable  malfunction  should  tell  you  that 
the  CAUSE  of  the  malfunction  is  in  the  CLOSE  control  circuit  for  motor 
valve  #1.    As  you  know,  motor  valve  #1  must  complete  an  operation 
before  motor  valve  #2  will  operate. 


Exercise  5 


1.      Now  you  are  ready  to  troubleshoot  the  control  circuit  and 
to  find  the  CAUSE  for  the  observable  malfunction  (motor  valve  //I  will 
not  CLOSE  and  motor  #2  will  not  OPEN)-    You  will  use  the  voltage 
measuring  method  of  troubleshooting.    This  procedure  starts  at  the 
connector  plug  of  the  malfunctioning  unit  (load)  or  motor  winding. 
You  will  take  the  first  voltage  measurement  on  the  positive  side 
of  the  unit  (load)  which  failed  to  function.    Having  the  correct 
amount  of  power  in  the  positive  circuit  up  to  the  malfunctioning 
unit  (load)  indicates  that  the  positive  circuit  is  OK.    This  first 
voltage  check  taken  at  the  plug  will  tell  you  to  continue  trouble- 
shooting the  positive  (close)  control  circuit  or  troubleshoot  the 
ground  circuit.    IF  the  voltage  reading  is  below  the  required  value 
of  28V  DC,  you  would  continue  troubleshooting  in  the  positive  (close) 
control  circuit.    IF  the  required  value  of  28V  DC  is  measured  you 
would  then  check  out  the  ground  circuit  for  the  malfunctioning  load. 

Follow  the  following  instructions  to  solve  for  the  cause  of  the 
v_4nal  function. 

a.  Connect  the  BLACK  lead  from  the  meter  to  the, common 
ground  point  on  the  trainer.    This  point  is  located  on  the  front 

of  the  trainer  between  the  two  motor  valve  units.  The  BLACK  lead  will 
stay  there  during  the  following  voltage  measurements. 

(1)    This  is  the  common  ground  for  all  units  (relays 
and  motors)  in  the  control  circuit. 

b.  Use  the  RED  lead  and  measure  the  applied  voltage  on 
the  positive  9ide  of  the  malfunctioning  unit  (load). 

(1)  The  failing  unit  (load)  is  the  close  w    ^ing  in 

the  motor  #1. 

(2)  Because  BOTH  valve  motors  failed  to  operate  as 
recorded  in  the  practice  problem  chart,  you  must  start  troubleshooting 
with  motor  valve  #1.    This  Is  because  motor  til  must  complete  its 
function  BEFORE  motor  valve  #2  can  operate. 
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(3)  You  will  begin  measuring  on  the  positive  sidg  of 
the  malfunctioning  load.    Use  pin  B  on  the  connector  plug  of  the 
motor  valve  #1  for  this.    Place  the  RED  lead  on  pin  B  and  read  the 
meter.    Pin  B  is  connected  to  the  motor  winding  on  the  positive  side. 

(4)  The  meter  reading  on  point  B  on  motor  valve  #1 
is  OV  DC  (should  be  28V  DC)  and  this  OV  DC  indicates  the  positive 
(CLOSE)  control  circuit  has  failed.    This  means  you  will  now  trouble- 
shoot  only  in  the  positive  (CLOSE)  control  circuit  for  the  CAUSE 

for  the  malfunction. 

Note:    LF  at  point  B  you  had  a  normal  voltage  reading  of  28V  DC, 
this  reading  would  indicate  a  good  poslcive  CLOSE  control  cir- 
cuit and  then  you  would  check  out  the  ground  circuit  (point  E 
motor  valve  #1) •    You  will  check  out  the  ground  circuit  ONLY  IF 
the  positive  circuit  is  OK. 

c.  Because  you  now  know  the  malfunction  is  in  the  positive 
CLOSE  control  Circuit,  you  must  move  the  RED  lead  to  the  next  point 
(junction)  A2  of  Rl.    Remember  because  of  the  low  voltage  you  are 
looking  for  the  28V  DC  power  in  the  circuit.    You  will  have  to 
follow  wire  H1B18  to  junction  A2.    The  meter  reading  at  A2  is  also 

OV  DC  and  this  should  tell  you  to  move  across  the  armature  of  the 
relay  to  Al. 

Note:    Why?    Because  the  voltage  comes  from  the  bus  bar  and  you 
will  troubleshoot  from  the  load  to  the  power  source,  trying  to 
find  where  the  28V  0C  power  has  stopped  in  the  positive  control 
circuit  before  it  reaches  the  load.    This  location  will  help 
you  identify  Lh»*cause. 

d.  The  next  check  point  (junction)  is  Al  of  Rl.  This 
meter  reading  on  Al  of  28V  DC  indicates  that  from  this  point  to  che 
1QA  circuit  breaker  is  a  good  circuit,  and  you  will  not  need  to 
check  the  voltage  at  the  circuit  breaker. 

Note:    Remember  voltage,  power,  current  will  not  at  anytime  FLOW 
through  OR  in  the  dotted  line  in  the  relay  symbol. 

e.  The  power  on  one  side  of  the  relay  armature,  (point  Al) 
but  NOT  on  the  other  side  (point  A2)  indicates  the  armature  didn't 
CLOSE.  r 

f.  To  find  out  why  the  relay  armature  didn't  close  you 
oust  now  troubleshoot  the  positive  relay  control  circuit.  Being 
that  the  relay  coil  is  a  load  on  this  circuit  you  will  now  trouble- 
shoot by  measuring  with  the  RED  lead  at  the  positive  side  of  the 
relay  coil  (load)  connection,  X2  of^Rl.    The  meter  reading  at  point 

X2  of  Rl  is  28V  DC.  This  indicates  the  positive  circuit  for  the  relay 
coil  is  functioning  normally. 

Note:    Only  IF  point  X2  of  Rl  was  reading  OV  DC  would  this 
indicate  a  failing  positive  circuit  for  the  relay  coil.  IF 
this  was  the  case,  you  would  continue  troubleshooting  further 
into  the  positive  relay  circuit,  through  the  control  switch  to 
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and  through  the  circuit.breaker  TF  needed.    Remember,  only  IF 
both*  positive  and  negative  circuits  checked  out  OK  for  the 
relay  coil,  then  the  load  (coil)  it«elf  may  have  failed 
internally  and  you  would  replace  it. 

g.  You  should  have  cliecked  out  the  positive  side  of  the 
circuit  to  the  relay  coil  and  found  it  is  OK.    Now,  because  the  relay 
is  still  inoperative  you  must  check  out  the  negative  circuit  of  the 
relay  coil.-  This  is  done  by  measuring  the  voltage  at  XI  of  Rl.  You 
should  normally  read  OV  DC  but  you  find  an  unwanted  28V  DC  power  at' 
this  point,  this  indicates  *n  opsn  ground  circuit  for  the  relay 
coil.    Remember,  without  the  relay  functioning  correctly  it  will 
cause  a  malfunction  on  motor  valve  #1. 

(1)  Identify  the  malfunction  by  writing  in  the  letter(s) 
wt^ich  identifies  the  malfunction.    Only  one  letter  in  each  column  if 
required.    (These  havealready  been  done  for  you.) 

(2)  Complete  the  cause  columns  by  writing  in  the 
(type  of  trouble)  and  (unit  or  .wire  nuirber)  .  These  have  already 
been  done  for  you.  t 

(3)  Set>  your  lab  instructor  if  you  have  any  questions 

at  this  time. 

h.  Referring  to  the  practice  chart  on  page  17  and  you  will 
find  all  the  required  entries  already  made  for  trouble  switch  #2. 
Study  the  entries  made  to  acquire  knowledge  on  how  to  make  the 
entries' far  the  remaining  trouble  switches .    You  will  also  find  that 
you  have  two  (2)  malfunction  columns.    You  will  complete  both 
columns  as  needed. 

Exercise  6 

You  have  completed  troubleshooting  trouble  //2.    You  should  be  able 
to  troubleshoot  &  malfunction  on  your  own  at  this  time.    You  may  ask 
for  assistance  from  the  lab  instructor,  if  necessary. 

1.      Follow  the  procedures  below  to  troubleshoot  a  malfunction 
in  the  trainer  that  you  will  do  for  practice. 

a.  Insure  power  is  connected  to  the  trainer.    See  your  lab 
instructor  if  needed. 

b.  Insure  CONTRu-  switch  is  in  the  OFF  or  center  position. 

c.  Insure  TRANSFER  switch  is  in  the  OFF  position. 

d.  Insure  circuit  breakers  are  pushed  in. 

e.  Insure  multimeter  is  properly  set  up  and  leads  are  con- 
nected to  the  meter. 

f.  Insure  that  all  the  TROUBLE  switches  on  the  back  of  the 
trainer  are  in  the  OUT  position. 
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g.  See  the  instructor  to  have  a  TROUBLE  switch  *  entered 
'  in  for  the  practice  problem  and  progress  check  charts  on  pages  17 

and  19. 

h.  Nov  place  the  TROUBLE  switch  #  entered  on  the  practice 
problem  chart  to  the  IN  position  on  this  back  of  the  trainer. 

2.  Perform  an  operational  check. 

3.  Complete  both  malfunction  columns  transfer  switcn  "ON"  and 
"OFF  required.  (If  there  is  an  X  in  one  of  the  blocks,  no  entry 
is  required.) 

4.  Troubleshooting  tt\£  circuit(s)  for  the  cause. 

5.  Completr  both  CAUSE  columns 

6.  Check    he  wire  number  against  your  entry  in  tne  malfunction 
columns  for  a  recheck  of  your  work.    Note:    Remember  how  you  did 
your  wiring  diagram  workbook  in  the  classroom,  use  that  knowledge 

to  cross  check  tjtis  work. 

7.  Have  your  instructor  check  and  initial  your  work  before 
progression.    If  your  work  iS"~iiKorrect  follow  the  instruction  given 
by  the  instructor.  ^ 


Practice  Probleos 


Trouble 

Malfunction 

Cause 

Witch 

Transfer 

Switch  , 

Type  of  trouble 

Unit  or  wire 

Number 

6tt 

open,  short,  etc. 

Number 

2 

A 

G 

open 

H5D18N 

A. 

honor 

1 

will  not  close  and  motor  2  will  not  open. 

B. 

Motor 

1 

will  not  open  and  motor  2  will  not  close. 

C. 

Motor 

1 

and  2  inoperative. 

D, 

Motor 

2 

will  not  open. 

E. 

Motor 

1 

inoperative. 

F. 

Motor 

2 

Inoperative. 

G. 

Motor 

1 

will  net  close. 

H. 

Motor 

1 

will  not  open. 

I. 

Motor 

2 

will  not  close. 
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Note:    The  citcuit  malfunction  must  describe  exactly  what  is 

malfunctioning,  nothing  more  or  less.    Always  note  the  position 

oTtne  control  switch,  transfer  switch,  and  motor  limit  switch.  ^ 

Instructor's  Initials    Practice  Problem  Grade   

If  your  lab  instructor  signs  off  your  practice  work  you  will  be 
assigned  your  progress  check  material. 

Exercise  7 

PROGRESS  CHECK  INSTRUCTIONS 

This  progress  check  will  require  you  to  correctly  solve  a  minimum 
of  4  out    f  the  5  problem  given.    This  should  be  accomplished  in  much 
the  same  manner  a.  the  practice  problems.    The  instructor  will  check 
and  initial  your  work  after  the  5  problems  are  graded  and  passed .  If 
you  have  missed  more  than  one  (1)  ^oblem  you  will  follow  the  in.truc- 
tions  of  your  lab  instructor. 

You  will- not  communicate  (tal      etc.)  with  other  students  during 
the  progre7s"che7k  without  your  iab  instructor's  permission. 

You  will  not  use  fellow  students'  work  to  solve  the  problems  in 
this  progress  check. 

You  must  satisfactorily  complete  this  progress  check  before  further 
progression  to  other  lab  troubleshooting  projects. 

Note:    If  any  part  of  the  answers  (cause  or  malfunction)  to  the 
trouble  switch  *  is  wrong,  the  instructor  will  mark  the  whole 
trouble  switch  entry  incorrect.    Thi'.  ™«  ^"^J^, 

find  what  part  or  parts  of  the^cause  c  ■  malfunction  is  incorrect 

for  that  trouble  switch. 

Stvdents  will  please  complete  the  following  (print) . 

STUDENT'S  NAME   ,  — —  

Last  Firsr 

DATE  PROGRESS  CHECK  STABTEr    _____  .__  
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PROGRESS  CHECK 

Trouble 

Switch 

Number 

Malfunction 

Cause 

instructor 

Transfer 

ON 

Switch 
OFF 

Type  of  trouble 
open, short, etc. 

Unit  or  wire 
number 

L^asslst  J 

.nitial 

1st 

2nd 

A. 

Mo  tor 

valve 

1 

will  not  close  and  motor  valve  2  will  not  open. 

B. 

Motor 

valve 

1 

will  not  open  and  motor  valve  2  will  not  close. 

C. 

Motor 

valve 

1 

and  2  inoperative. 

D. 

Motor 

valve 

2 

will  not  open. 

E. 

Motor 

valve 

1 

inoperative. 

F. 

Motor 

valve 

2 

inoperative . 
will  not  close. 

G. 

Motor 

valve 

I 

H. 

Motor 

valve 

i 

will  not  ^pen. 

I. 

to  tor 

valve 

2 

will  not  close. 

Before  you  have  your  instructor  check  your  work,  recheck  it  your- 
self like  you  did  in  the  practice  problems. 


Instructor's  Initials 


Complc:e  Progress  Check  Grade 


Whether  you  have  failed  or  passed  this  progress  check,  you  will 
follow  the  instructions  given  to  you  by  the  lab  and/or  classroom 
instructor. 
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✓   


If  you  hava  satisfactorily  completed  the  progress  check,  store  your 
multimeter  and  trainer  in  the  following  way. 

1.  rull  out  all  the  circuit  breakers  (4)  each. 

2.  Place  th*  coutrol  switch  in  the  OFF  position. 

3.  Place  the  transfer  switch  in  the  OFF  position. 

4*    Place  all  trouble  switched toggles  to  the  OUT  position.  These 
are  located  on  the  back  of  the  trainer. 

5.  Insure  all  your  training  literature,  pencils,  etc  are  taken  with 
you  when  you  leave  the  lab. 

6.  Insure  your  trainer  and  the  area  around  it  is  clean  before  you 
leave  the  lab. 

7.  Properlv  store  and  sign  in  your  multimeter  before  you  leave  the 

^  lab. 

8.  Check  with  the  lab  instructor  before  you  leave  the  lab. 

NOTE:    Did  you  leave  your  multimeter  set  on  OHM's?    If  you  have 
go  back  and  change  it. 
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FOREWORD 


This  programmed  text  was  validated  in  Course  3ABR42231  using  30 
students  from  subject  course.    At  least  90Z  of  the  students  achieved 
all  the  objectives  as  stated.    The  average  student  required  2.5  hours 
to  complete  this  lesson. 

OBJECTIVES 

Using  Kirchhoff fs  Current,  Voltage  and  Ohm's  Laws,  solve  for 
unknowns  In  temperature  controlling  bridge  circuits.    A  minimum  of 
8  out  of  10  unknowns  must  be  correct. 

\  INSTRUCTIONS 

This  programed  text  presents  inforuation  in  stntLl  steps  called 
"frames."    After  each  step  you  are  asked  to  respond  to  the  information 
in  some  way.    Do  not  mark  in  this  text.    Read  the  material  and  make 
your  response  on  the  response  sheet  a*  directed  by  the  feaaer  After 
you  have  made  your  response,  compare  your  answers  with  the  correct 
answers  onjthe  following  page  or  next  even  numbered  page.    If  you 
find  you~4re^i«cqrrect,  reread  the  frame  to  get  the  correct  information. 
If  you  are  right,  and  you  understand  the  information  presented  in  that 
frame,  proceed  to  the  next. 

Remember,  you  are  not  graded  on  how  fast  you  go.    Do  not  rush, 
but  do  not  loaf.    You  will  be  required  to  take  a  test  at  the  end  of 
this  text  to  determine  what  you  have  learned.    Since  your  learning 
in  every  frame  usually  depends  on  what  you  have  learned  in  the  pre- 
ceding frame,  DO  NOT  SKIP  ANY  FRAME. 
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Frame  1 

You  are  going  to  learn  a  circuit  that  is  used  extensively  in 
aircraft  environmental  systems.    It  is  called  the  automatic 
temperature  control  circuit.    That's  right—AUTOMATIC.    It  can 
actually  decide  the  correct  thing  to  do.    Of  course,  we  "program" 
its  activity  so  it  will  make  the  right  decisions. 

If  the  pilot  or  a  crew  member  wants  to  change  the  temperature 
in  the  cabin,  he  will  simply  turn  a  control  knob.    The  system  will 
automatically  adjust  to  the  temperature  he  selects.    This  system 
operates  much  like  the  heating  and  air  conditioning  system  in  your 
home.    You  simply  set  a  thermostat  to  the  temperature.    Your  furnace 
or  air  conditioner  automatically  maintains  the  temperature  you 
select. 

Do  you  recall  the  symbol  for  a  battery?    We  thuught  it  best 
if  we  pre      ted  the  battery  symbols  again  to  refresh  your  memory. 

A~fc*ttery  symbol  is  shown  at  the  bottom  of  the  page.  Notice 
the  symbol  has  long  lines  and  short  lines.    The  long  lines  indicate 
the  POSITIVE  terminals.    The  short  lines  indicate  the  NEGATIVE 
terminals  of  the  battery. 

Of  course,  the  (+)  sign  indicates  POSITIVE  while  the  (-)  sign 
indicates  NEGATIVE 


.H'l'I'L1-. 


POSITIVE 
NEGATIVE 


NO  RESPONSE  REQUIRED 
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CORRECT  RESPONSES  TO  FRAME  It    No  response  required. 

Frame  2  / 

The  circuit  that  you  will  be  working  with  is  called  a  DC  bridge  < 
circuit*    This  "bridge"  is  used  to  automatically  control  the  tempera- 
ture in  the  aircraft*    You  must  know  the  basic  structure  of  the  circuit 
to  learn  how  it  automatically  controls  the  temperature*    Notice,  the 
circuit  has  five  separate  resistors  and  a  source  of  EMF  (voltage)* 
Notice  that  between  points  A  and  B  the  circuit  shows  resistor  R-3. 
This  resistor  bridges  across  the  parallel  circuit  making  it  a  bridge 
circuit* 

The  circuit  operates  on  the  principle  of  a  voltage  potential 
between  different  points  of  the  circuit,  A  and  B.    Notice,  at  point 
C  the  circuit  parallels  into  two  branches.     The  left  branch  is  made 
up  of  resistors  R-l  and  R-2.    The  right  branch  is  made  up  of  resistors 
K-4  and  R-5.    The  parallel  circuits  become  a  bridge  only  when  connected 
together  by  resistor  R3. 


C 


0 


Complete  the  statements.    Write  your  response  on  the  response  sheet. 

1.  The  bridge  circuit  operates  o„  the  principle  of  a   

of  voltage  between  different  points  in  the  circuit. 

2.  The  resistor  that  bridges  the  two  parallel  branches  is 
resistor 
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Frame  3 


For  a  current  to  flow,  a  difference  of  voltage  potential  must 
exist  between  two  points*    If  point  A  has  a  higher  potential  than  B, 
current  will  flow  across  resistor  R3.    Also,  if  B  is  higher  than  A, 
current  will  flow  across  resistor  R3. 


It  is  necessary  to  know  operation  of  a  bridge  to  understand 
aircraft  temperature  control.    You  must  know  the  structure  of  the 
circuit  and  the  function  of  its  components.    Also,  how  each  part  of 
the  circuit  affects  operation  of  the  bridge.    The  following  frames 
will  go  through  computation  of  bridge  voltages^. 

Answer  the  statement  true  (T)  or  false  (F)  on  the  response  sheet. 

Current  can  flow  either  from  points  A  to  B  or  from  points  B  to  A. 
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CORRECT  RESPONSES  TO  FRAM2  2:    1.   potential  or  balance      2.  R-3 


CORRECT  RESPONSES  TO  FRAME  3:  True 
Frame  4 

Refer  to  page   49.   Locate  the  diamond  shaped  diagram;  it 
looks  similar  to  the  circuit  shown  in  frame  3.    Locate  the  points 
of  the  diamond,  A,  B,  C,  and  D.     If  a  diffeience  in  voltage  potential 
exists  between  points  A  and  B,  there  will  be  a  current  flow  across 
the  coil  between  these  two  points.    This  will  energize  the  temperature 
control  valve.     It  will  then  operate  in  one  direction  or  the  other. 

For  example,  assume  that  the  voltages  are  unequal  and  current 
flows  fron  point  A  to  point  B.    As  current  flows  across  the  coil 
(located  between  A  and  B)  the  coil  becomes  magnetized.    The  right 
hand  end  becomes  the  north  pole.    This  pushes  the  contact  down  on 
the  right  side.    The  close  side  of  the  temperature  control  valve  is 
energized.     As  a  result,  this  valve  closes  farther  and  allows  more 
cold  air  to  enter  the  cockpit. 

Assume  that  current  flows  across  the  bridge  from  point  B  to 
point  A.     In  this  case,  the  coil  becomes  magnetized  in  the  opposite 
direction.    The  left  side  of  the  contact  is  pushed  down.    The  open 
side  of  the  temperature  control  valve  is  energized.    This  allows 
more  hot  air  to  enter  the  cockpit. 

Complete  the  statements.  Write  your  responses  on  the  response  sheet. 

1.  If  voltages  between  points  A  and  B  are  equal  there  will  be 

_       across  the  bridge  coil. 

2.  The  temperature  control  valve  is  controlled  by  the 
circuit. 

3.  If  the  voltages  are  unequal  between  points  A  and  B,  there 
will  be    across  the  bridge. 
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Frame  5 


The  rest  of  the  text  describes  the  circuit  function.    To  underbid 
how  the  bridge  operates  you  must  compute  voltages  in  series  and  pard^l 
circuits.    You  must  know  how  each  point  of  the  circuit  relates  to  air 
other  points.    How  to  combine  and  compute  series-parallel  circuit 
voltages.    Be  able  to  determine  how  an  unbalanced  or  balanced  condition 
occurs. 

Foldout  #1  shows  a  bridge  circuit  controlling  a  temperature 
control  velve.    The  valve  gives  either  hot  or  cold  air.    The  purpose 
of  the  bridge  is  to  automatically  control  this  valve.     The  valve, 
in  turn,  controls  the  aircraft  temperature. 

NO  RESPONSE  REQUIRED 


© 


7 

sic, 
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CORRECT  RESPONSE  TO  FRAME  4s      1.    no  current      2.  bridge 


3 .    current  flow. 
CORRECT  RESPONSE  TO  FRAME  5:      Mo  response  required. 

Frame  6  ' 

Previously,  you  studied  series  and  parallel  circuits.  You 
observed  the  effects  of  current,  voltage  and  amperage  in  these 
circuits.    Before  you  can  use  these  values  you  must  determine 
which  is  a  series  or  parallel  circuit. 


BRANCH 
 • — 


BRANCH  2 


In  the  illustration  above  notice  that  resistors  Ra  and  Rb  are 
in  series  with  each  other.     Resistors  Rr  and  Rd  are  also  in  series 
witiTea^h  other.    Note  that  Ra  and  Rb  make  up  Branch  #1.    Rc  and 
Rd  make  up  Branch  #2.    Notice  that  Branch  91  and  Branch  #2  are  in 
parallel  with  each  other. 

Study  the  illustration  below  and  answer  the  questions  which  follow. 
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Write  the  correct  answers  on  the  response  sheet. 

1.  Points  F  are  common  (resistors)  (grounds). 

2.  Resistors  B  and  C  are  in  (series)   (parallel)  with  c    h  other. 

3.  Resistors  B  and  C  are  in  (series)  (parallel)  with  D  and  E. 

A.      Resistors  D  and  E  are  In  (series)   (parallel)  with  each  other. 

8 
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Fr*  e  7 

Resistors  are  placed  in  a  circuit  in  many  different  ways.  When 
thev  have  certain  things  in  common,  they  form  a  series-parallel 
circuit.     Illustrations  A,  B,  und  C  are  a  few  circuit  arrangements. 


r 


At 

2 


D 

B 


3 
+  B 


3    B    4  , 
-•— wv — ||i  D 


I     A  2 


We  have  assigned  numbers  and  letters  to  different  points  in 
the  circuits.    This  will  assist  you  in  locating  the  points  being 
discussed.    The  reference  points  must  be  known  before  the  circuit 
can  be  analyzed  and  computed.    Use  illustrationo  A,  B,  and  C  to 
answer  the  statements  on  your  response  sheet. 

1.  Point  C  is  located  between  resistors  (1-3)  (2-4)  and  is 
-onnected  to  the  (+)  (-)  battery  terminal. 

2.  Point  D  is  located  between  resistors  (1-3)  (2-4)  and  is 
connected  to  the  (+)  (-)  battery  terminal. 

3.  The  most  positive  point  in  these  circuits  is  point  (A)   (B)  (C) 
(D)  . 

4.  The  most  negative  point  in  these  circuits  is  point  (A)   (B)  (C) 
(D). 
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CORRECT  RESPONSES  TO  FRAME  6:    1.    grounds    2.    series    3.  parallel 

4.  series. 

CORRECT  RESPONSES  TO  FRAME  7:  Jl.     (1-3)  (+)    2.     (2-4)  <r±    3«  iP-i 

4.  (D) 

Frame  8 

At  this  point  let's  have  a  quick  review.     Remember  the  rules 
for  finding  the  totals  of  E,  I,  and  R  in  a  series  circuit? 

Et  =  sum  of  voltages,  It  -  same,  and  Rt  =  sum  of  all  resistors  in 
the  circuits. 

Apply  Ohm's  laws  to  solve  the  following  series  circuit  problems. 
If  you  feel  you  need  a  review,  refer  to  the  text  on  series  circuits, 
Kirchhoff's  Current  Law,  Kirchhoff's  Voltage  Law  and  Ohm's  Law  as 
necessary.    Use  your  response  sheet  to  record  your  answers. 


RT,_ 


f»T*m 
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COHRECT  RESPONSES  TO  FRAME  8: 


ET=I5V 
lT  =  3A 
RT  =30. 


ET=5bV  -JL- 
lT=8A  3tl 


^rame  9 

When  computing  series-parallel  circuit  problems,  the  main  appli- 
cation of  Ohm's  law  you  will  be  dealing  with  is  voltage.    Let's  review 
the  effect  of  voltage  in  a  parallel  circuit.     In  a  parallel  circuit 
voltage  pushes  with  equal  pressure  across  all  branches.    Or  voltage 
has  the  same  value  in  each  branch  of  a  parallel  circuit.     Solve  the 
parallel  circuit  problems.    Notice  what  happens  to  voltage. 


NO  RESPONSE 


NO  RESPONSE 


E*I2V 


ET  =  !2V 


Ev*4V 


E»IOOV 


E=IOOV 


E»  100  V 


±  <D  £>  v 


£T*(00V 


E»7V 


(DE'7V  V 


© 


© 


E=2V 


ET=3V 
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CORRECT  RESPONSES  TO  FRA^E  9:      1.     E  -  4v      2.     E^  =  _7v      3.     E  =  3v 


t  — 


4.     Et  »  2v. 


Frame  10 


In  a  parallel  circuit,  remember  that  Et  «  same,  1^ 

•i   *-i  #-u~    1  a#s  Tn    t-V>^    f  -f  oiirp  K ^  1  rvLj   Vfin  ui  1  > 


sum,  and 

R    =»  less  than  the  lea^t.     In  the  figure  below  you  will  notice  there 

is  a  12  volt  potential.     This  potential  is  at  the  positive  (+)  post 
of  the  battery.     Also,  12  volts  are  impressed  at  point  C  of  the 
circuit      Note,  from  the  battery  to  point  C  there  is  only  one  path 
for  voltage.     Starting  at  point  C  you  have  two  paths  for  voltage. 
The  first  path  is  from  point  C  to  point  B  to  point  D.     One  of  the 
easiest  ways  to  trace  a  voltage  path  Is  from  the  positive  terminal 
of~a  power  source  to  the  negative  point  in  a  given  circuit. 


W  it    the  correct  answer  for  the  statements  below  on  the  response  * 

1.  The  easiest  way  to  trace  a  voltage  pa  v  in  a  circuit  is 
from  (negative  to  positive)   (positive  to  negative;. 

2.  Voltage  drop  (is  the  same)   (differs)  across  all  branches 
of  a  parallel  circuit. 

3.  In  the  circuit  above,   there  are  12  volts  impressed  at 
point   (A)   (8)    (C)  (D). 


€ 
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The  circuit  below  is  a  series-parallel  circuit.    Study  it  closely. 
Remember  that  between  points  C  and  D  the  circuit  divides  into  two 
«ar^«  hranch29.    When  vou  see  the  two  circuits,  go  on  to  Frame  12. 


No  Response  Required 
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CORRECT  RESPONSES  TO  FRAME  i0«     1.    pos i tlvg_tP~aega t i ve    2.     is  the  same 

3.  c. 

CORRECT  RESPONSE  TO  FRAME  11:      No  response  required. 
\          Frame  12 

\ 

To  aid  in  romputing  the  voltages  and  currents  in  a  series-parallel 
circuit  use  a  mask  to  cover  the  right  side  of  the  circuit.     It  would 
then  appear  as  shown  in  the  circuit  below.     You  are  now  dealing  with  a 
series  circuit.     The  circuit  has  two  resistors  in  series  with  each 
other.     Study  the  reading  of  the  battery.     The  voltage  total  for 
the  circuit  is  £    3  12  volts. 


C 


Write  your  answers  on  the  response  ^neet. 


Look  at  resistors  R^  and  R^ ;  you  have  been  given  the  value  of 
each  resistor.     l^you  add  them  together  (R1  and  R^,  you  can  get 
the  total  resistance  (R  ).     Do  so  now  and  er*ter  the  resistance  total 
on  the  response  sheet. 

You  now  have  two  complete  values  (E^  and  R^),     Using  Ohmfs  law 

,  find  the  re^ t  of  the  totals.     Use  the  formula 

^  E 

When  you  have  determined  the  current  total   (I  )  you  have  the^key  to 

the  rest  of  the  circuit.     Remember  the  statement?     "Throughout  a 
series  circuit,  current  flow  remains  the  same."    Simply  stated;  when 
one  (1)  amp  of  current  flows  through  th^  first  resistor,  the  same 
one  (I)  amp  of  current  will  flow  through  the  rest  of  the  resistors 
in  series.     Example:     I1  -  1A;  l0  =   1A.     Find  the  rest  of  the  values 
in  the  circuit^ 


9/0 

Frame  13 

The  next  step  is  to  complete  the  right  side        .he  series-parallel 
circuit.     Follow  the  same  procedures  used  in  the      seeding  frame. 
Cover  the  leff "branch  of  the  circuit.    Your  circuit  should  appear  as 
shown.     Remeraber,  you  are  not  required  to  compute  this  circuit  as  a 
parallel  circuit*    The  only  computation  that  you  must  know  of  a 
parallel  circuit  is  that  voltage  potent.! £1  is  equally  applied  across 
each  branch  of  the  circuit.     From  there,  tha  two  branches  are  separated 
and  treated  as  two  separate  series  circuits. 


ET=I2V 
lT=  


"Write  your  answer  on  the  response  sheet.  4 

Using  the  information  learned  so  far,  compute  the  right  hand 

side  of  the  circuit.     The  totals  formula  (E    =  ,  I    -  ,  R    ~     )  will 

t  t  t 

not  be  entered  on  the  rfcst  of  the  circuits.     It  will  be  necessary  for 
you  to  set  up  your  own  formulas.    When  you  first  look  at  a  circuit 
from  now  on,  you  should  automatically  set  up  the  formulas. 
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CORRECT  RESPONSES  TO  FRAME  12: 


Et  -  12v,  It  -  la,  Rt  -  12;  -  8v, 
I1  -  la,  E2  =  Av,  I2  -  la. 


CORRECT  RESPONSES  TO  FRAME  13:      Et  =  I2v,  It  =  1.5a,  Rfc  -  8,  Bj  -  6v, 


I    =»  1.5a,  E^*  -  6v,  It  -  1.5i 


Frame  14 


Let's  cosine  what  you  know  about  a  series  and  parallel ^  circuit. 
Refer  to  the  figure.    Solve  the  following  problems  using  Ohm's  Law, 
Kirchhoff's  laws  and  the  principles  of  series  and  parallel  circuits 
on  your  response  sheet. 

Note:  Remember  at  point  C.  voltage  is  equally  applied  across 
each  circuit.  Read  the  bottom  paragraph  before  computing  the 
bridge. 


12V  — 


Remember,  from  point  C  you  are  dealing  with  two  series  circuit3. 
Take  your  mask  and  cover  the  right  path  of  -he  circuit  (R3  and  RjJ  . 

R  andR  now  make  up  a  series  circuit.  It  must  be  computed  as" such . 
being  equally  applied  across  each  branch. 


16 
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CORRECT  RESPONSES  TO  FRAME  14: 


9/P 


Frame  15 


To  aid  you  further  in  computing,  series-parallel  circuits,  we 
have  lilted  four  more  thct  you  must  complet?.    Using  the  principle* 
learned  thus  far.    Write  your  answers  on  your  iespon3e  sheet. 


CIRCUIT 


ET=I2V— 


ET=24V- 


CIRCUIT  ~Z 


CIRUIT  4 
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CORRECT  RESPONSES  TO  FRAME  15: 


Frame  16 

The  next  important  step  is  defining  voltage  polarities  at  different 
points  within  the  circu>*^    Remember*  it -was  stated  that  point  D  is 
negative.     It  is  competed  to  the  negative  terminal  of  the  battery. 
In  fact,  point  D  is  the  most  negative  point  in  the  circuit.  Simply 
stated,  if  point  D  is  raoat  negative ,  nothing  else  could  be  more 
negative.     If  any  other  points  are  referenced  to  D  they  will  always 
have  to  be  positive.     Read  this  information  again;  It  will  prove  to 
be  a  key  in  determining  bridge  operation.     Referring  to  the  illustra- 
tion, identify  the  correct  polarity  symbol  in  each  statement. 
Write  your  answer  on  the  response  sheet. 


C 


D 


• 


1. 

C 

is 

(+) 

(-)  in  respect  to  point  D. 

2. 

D 

is 

(+) 

(-)  in  respect  to  point  C. 

3. 

B 

is 

(+) 

(-)  in  respect  to  point  D. 

4. 

A 

is 

(+) 

'  ^  in  respect  to  point  D. 

5. 

D 

is 

the 

most  (+)   (-)  point  of  the  circuit. 

6. 

C 

is 

the 

most  (+)   (-)  point  of  the  circuit. 
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m  CORRECT  RESPONSES  TO  FRAME  16:     1.  (+)     2.  (-)     3.  (+)    4.  (+1  5. 


6.  (+). 


Frame  17 


Up  to  this  point  you  have  been  dealing  with  series-parallel 
circuits.    This  type  of  circuit  is  necessary  for  a  ''bridge"  circuit. 
What  is  a  bridge?    It  is  something  that  allows  us  to  get  from  one 
point  to  another .    An  example  is  the  Golden  Gate  Bridge.     It  allows 
you  to  get  from  one  side  of  the  Bay  to  the  other  without  going  around. 
Our  bridge  works  on  the  sa^e  principle.    We  are  going  to  bridge  our 
circuits  between  points  A  and  B.    Below  are  some  possible  arrangements 
0f  bridge  circuits.    Notice,  the  paths  that  have  been  provided  for 
current  to  flow  from  A  to  B  or  from  B  to  A, 


BRIDGE  5 


Did  you  notice  that  in  bridge  1  we  used  a  voltmeter,  bridge  2, 
a  resistor,  bridge  3,  a  coil,  bridge  4,  a  light  bulb,  and  bridge  5, 
a  voltmeter?  Remember,  to  make  a  bridge,  you  can  use  various  types 
°*  bridging  devices. 


No  Response  Required 
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Frame  18 

You  have  learned  that  voltage  was  "used  up"  in  a  circuitry  pushing 
current  through  a  resistance.    Another  term  for  the  "using  up"  of 
voltage  by  a  circuit  Is  "voltage  drop."    Voltage  drops  in  a  series 
circuit  are  in  proportion  to  the  different  resistances  in  the  circuit. 
Twe  total  voltage  drop  is  equal  to  the  Sum  of  the  voltages.  Voltage 
orop  is  determined  by  the  resistance  of  the  circuit. 

In  the  circuit  below,  notice  that  resistor  ^  indicates  8  volts. 
What  this  means  is,  of  the  12  volts  available  at  point  C  8  volts  are 
being  used.  The  8  volts  will  push  1  amp  of  current  flow  through  this 
resistor.    You  have  4  volts  remaining. 

From  resistor  Rx  there  is  a  wire  to  the  top  of  resistor  Rj. 
This  wire  offers  ve.y  little  resistance  to  current  or  voltage. 
The  remaining  4  volts  will  not  be  used  on  this  wire.     The  4  volts 
will  be  used  through  resistor  R2- 

It  should  be  obvious  at  this  point  that  no  voltage  is  coming  out 
of  resistor  R2  •     The  voltage  difference  between  C  and  D  is  12  volts. 
All  the  voltage  is  used  by  the  circuit  to  push  current  through  both 
resistors.     A  voltage  reading  to  ground  at  point  D  is  zero  volts. 

C 


Using  point  D  as  reference   in  the  diagram  above,      -p-«te  the 
following  statements  by  writing  your  answer  on  the  response  sheet 


Voltage  potential  at  point  C  is 
Voltage  potential  at  point  D  is 
Vol' age  potential   at   point   b  is 


volts    (+•)  (-"> 

v'ollS     (+)  (-) 

.'O  ts    (+-)  (-) 
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CORRECT  RESPONSES  TO  FRAME  18:     1.     12v+,     2.     Ov,     3.  6v+. 
Frame  19 

A  bridge  circuit  has  two  legs;  points  CAD  and  points  CBD.  Look 
at  the  right  leg  (CBD)  of  the  bridge  circuit.     It  takes  6  volts  (V) 
of  the  12V  potential  at  point  C,  to  cause  1.5  amps  to  flow  through 
R^  to  The  £^roainin£  6V  can  be  found  at  any  point  on  the  wire 

*  etween  R0   (-)  and  R,    (+).     Notice  how  the  voltmeter  is  connected 
J  4 

around  point  B.     The  voltmeter  would  indicate  a  +  6V  potential  at 
point  B.     Remember,  current  flows  from  positive  (+)  point  C  to 
negative  (-)  point  D.     The  £ejnaijiing_  6V  pushes  the  1.5  amps  through 
R^.     The  potential  of  12V  at  point  C  is  used  to  force  1.5  amps  through 

R^  and  R^.     The  voltage  potential  at  point  D  is  /.pro.     Another  thing 

to  consider;   the  voltage  value  of  point  B  is  -6V  in  relation  to  point  C 
and  +6V  in  relation  to  point  D.     This  is  also  true  for  the  laft  leg 
(CAD;  of  the  bridge  circuit.     Point  A  has  a  -  8V  in  relation  to  point  C 
and  +  4V  in  relation  to  point  D.     Point  D  is  ground   (-)  and  has  a 
voltage  relation  of  -  OV  to  point  C.     The  voltage  potential  at  point  C 
is  +  12V. 


C 


Complete  the  statements    by  writing  your  answer  on  the  response  sheet. 


1. 

The 

vol t  age 

at  point  C 

is 

2. 

The 

voltage 

drop  across 

Rl 

i  s 

3. 

The 

vol t age 

drop  across 

R2 

is 

*  . 

-  The 

volt  age 

drop  <\i  ross 

R. 

5. 

The 

vo 1 t age 

d  rop  at.  russ 

\ 

is 

6, 

The 

vol t age 

drop  across 

CAD 

is 

7. 

The 

vo 1 t age 

drop  across 

CBD 

is 

6. 

The 

v  0 1 1  ny  e. 

at   point  D 

is 
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%  Frame  20 

So\ve  for  the  missing  value  in  the  bridge  circuit  below  and 
answer  the  questions  which  follow.    Use  point  D  as  a  reference  point. 
Determine  the  voltages  and  polarities  at  points  A  and  B. 
Write  your  answers  on  the  response  sheet, 


C 


Complete  the  statements. 

1.  1^  and  I j  ~  ^    amps. 

2.  Voltage  at  point  A  is  volts  and  is  (+)  (-) . 

3.  Point  B  is   volts  and  is  (+)   (-)  . 

A.      Point   is  the  reference  point  of  the  bridge  and  all 

points  in  reference  to  it  are  (+)   (-) . 

5,  The  difference  between  voltages  at  point  A  and  B  is  volts. 

6.  Point  D  should  indicate  a  _____  voltage  reading  on 
a  voltmeter. 


?3 


CORRECT  RESPONSES  TO  FRAME  19:    1.   12v,    2.  8v,     3.  Av,    4.  6v,    5.  pv, 

6.  l?v,     7.  12v,    8.  Ov 

CORRECT  RESPONSES  TO  FRAME  20:     1.     2  amps,     2.     16 v  3.  Uvjj^, 

4.    D(+),      5.    4v,    6,    Zero  (0) . 

Ficitne  21 

Did  you  notice  the  difference  between  points  A  and  B?    You  saw 
that  point  A  was  16  volts  positive  and  point  B  was  12  volts  positive. 
There  is  4  volts  difference  between  the  two  voltages  (16  -12-4). 
The  difference  between  tha  two  voltages  (points  A  and  B)  means  that 
the  circuit  is  unbalanced.     If  you  have  a  difference  between  two 
voltages,  current  will  flow  if  a  path  is  provided.     We  have  established 
a  path  between  points  A  and  B.     Now  we  have  to  determine  which  way 
the  current  will  flew. 

To  determine  which  way  current  will  flow  is  a  simple  process, 
Both  voltages  are  positive  in  respect  to  D.     One  is  less  positive 
than  the  other  in  respect  to  D.     Study  the  scale  below  then  read  the 
paragraph* 


(PO^TIVE  LINE  IN  REFERENCE  TO  D) 
VOLTAGE  LINE:    0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24 


POINT  D 

MOST  NEGATIVE 


POINT  B  po\jt  A 
Voltage  Scale 


MOST  POSITIVE 


Remember,  point  E  is  most  negative.     It  is  considered  ground  and 
therefore  it  has  zero  voltage.    The  two  voltages  obtained  from  frame  20 
are  (B  -  12  volts  and  A  -  16  volts)  on  the  scale.     It  is  apparent  that 
12  is  closer  to  zero  than  is  16.     Point  B  is  more  negative  than  point  A. 
Furthermore,  *e  Know  that  current  flows  from  a  negative  to  a  more 
positive  point;  hence,  current  flows  across  the  bridge  from  point  8  -o 
point  A. 


No  Response  Required 


24 


no 


ET=24V  ~ 


R3  =  4A 


Frame  22 


Figure  1. 


Refer  to  figure  1,  and  answer  the  following  questions  on  the  response  sheet 

1.  What  is  the  potential  at  point  B  in  reference  to  point  D?  _ 
volts  (+)  (-). 

2.  What  is  the  potential  at  point  A  in  reference  to  point  D?  

volt<3  (+)   (-).  ~ 

3.  What  is  the  voltage  drop  bet*  *n  points  A  and  B?   vol^s. 

4.  Current  wi^.l  flow  across  the  coil  from  point    to  point 


5.  Which  of  the    wo  following  circuits  has  the  smallest  total 
resistance  to  current  flow?    DAHC  or  DBAC? 

6.  Which  of  the  two  following  routes  will  the  current  flow  take: 
DABC  or  DBAC? 


Refer  to  figure  2,  and  answer  the  following  questions  on  the  response  shee.. 
1#      What  is  the  voltage  potential  at  point  A  in  respect  to  poin_  D? 


ET  =  I2W  — 


Figure  2. 


volts  (+)  (-}. 


What  is  the  voltage  drop  across  R  ?     _    volts. 

The  voltage  pote-Uinl  «*t  point  B   in   u  .pect   vc  D  is  vol  t 

(+)  <-■). 

Whith  way  will  cm  rent   flow  across  the  bridge?  Frum 
to  . 

Which  of  ti.v   two  following  circuits  ha;  the  smallest  total 
resistance  t  ">  current  flew:     DABC  or  DbAC? 

Which  of  the  two  following  routes  will   the  eurrcnt   flow  take: 
:\\HZ  or  DBAC? 


(J3t 


CORRECT  RESPONSE  TO  FRAME  ?1:     No  Ruspi n>t  Required. 

CORRL'of  RESPONSES  TO  FRAMF  22:     Figure']:     1.     16v+,     2.     f>v*-,     3.  1 10 v , 

i 

4.     A  to  B,     5.     f-  .Cf     6.     DAB  J 
Figure  2:     1.     3v_»     2.  3v,     3.  8v+, 

4.     A  to  B,     5.     DABC,     6.  DABC. 

Frame  23 

By  modifying  the  PC  bridge,  it  tan  be -u*ed  lu  cunliul  uLrjraft 
temperatures  automatically.     Components  used  in  the  bridge  are  listed 
in  the  following  frames.     Fixed  res  * -5  tors  have  values  which  &o  not 
change.     The  fixed  resistor  is  used  in  the  bridge  circuit  to  provide 
a  constant  resistance  value.     It  can  be  identified  in  the  schematic  by 
the  symbol  shown  below. 


We  m  ly  desire  to  adjust  the  resistance  values  in  a  circuit  to 
allow  for  certain  variations  or  to  permit  calib    ation.     In  this  case 
we  would  use  an  ADJUSTABLE  resistor.     Its  symbol  is  shown  here. 


^elect   the  adjustable  resistor  from  the  electrical  display  box, 
Obtain  a  display  box  from  your  insfuitur.     Notice  how  the  wiie  is  * 
wound  around  the  ceramic  cylinder  and  how  the  wip^r  contact  is  moved 
Adjustment   is   accomplished  by   a  specialist  using  a  s*  rewd river  to 
loosen  a  vmall   s  i  rew .     The  -  ■  "Ur!    is    ,     ttd   al  mg  until   it  is  clotei 


CORRECT*  RESPONSES   TO  Y&ME  23* 


1.  -#---v\A'— ' •  ~ —  fixed  rt  sis  tor 


2.  -f-WV- 


Fr^Hfte  24  t_ 


rid  jus  table  res  i  s  tor 


A  rheostat  is  ?  resistor  that  Iras  a  moveable  contact  (wipqr  arm) 
frioving  the  contact  changes  its  resistance.     The  contact  is  conriected 
ItQ  a  shaft  that  is  turned  by  a  knob  (like  the  volime  control  on  a 
ra^io) . 

The  rheostat  is  in  the  bridge  circuit  to  change  the  resistance 
on  one  side  of  the  bridge.     This  automatically  unbalances  the  circuit 

The  pilot  manually  changes  the  *"es is tance*in  tUe  bridge  circuit 
by  rotating  the  rheortat  knob.     Shown  below  is  the  electrical  symbol 
and  a  picture  oJJ  the  back  side  of  a  rheostat.     Look  in  ihe  electrical 
display  box,     Wolfe  how  the  resistance  ma^y  be  changed  cn  the  rheostat. 


Draw  its  electrical  syabol  for  each  component  cn  the  response  sheet. 

1.    Adjustable  Resistor. 


2.  Fixed  Resistor 


3,  Rheostat, 


\ 

CORRECT  RESPONStS  TO  FRAME  24: 


131 


Frame  25 


,  fhe  component  that  "senses"  the  temperature  of  the  air  is  called 
a  temperature  sensor.    See  the  illustration  below.    Find  the  sensor 
in  the  electrical  display  box.    This  is  one  of  the  more  common  types'* 


in  use, 


This  temperature  sensor  is  a  specially  designed  resistor.  Its 
resistance' changes  any  time  the  temperature  of  the  air  around  it 
chants.    The  manner  in  which  it  changes  resistance  depends  on  its 
"temperature  coefficient."    That  is:     if* the  TEMPERATURE  of  the  air 
across  it  increases  and  the  RESISTANCE  of  the  sensor  also  increases, 
th^  sensor' has  a  POSITIVE  TEMPERATURE  COEFFICIENT  OF  RESISTANCE.  It 
follows  chen  that  with  a  POSITIVE  COEFFICIENT  the  resistance  will- 
decrease  if  the  temperature  of  the  air  decreases  *    The  point  is, 
they  increase  together  and  decrease  together.    On  the  other  hand,  if 
tne  TEMPERATURE  increases  and  the  censor's  RESISTANCE  decreases,  at 
the  same  time,  it  has'  a  Negative  Coefficient.    This  also  means  the 
sensor's  resistance  will  increase  as  the  temperature  decreases.  ^ 
Below  is  a  standard  symbol  for  a  sensor.    Locate  and  identify  the 
diffe  ent  types  of  sensors  in  the  electrical  display  box. 


Crrplete  the  statements  by  using  the  word  increases  or  decreases  on 

ZYt  response  sheet. 

POSITIVE  COEFFICIENT  NEGATIVE  OEFFICIENT 

1.     If  temperature  increases,  the        3.     If  temperature  increases*  'he 
resistance  „    .  »esls*ance   • 


2.     ff  temperature  decreases,  the        4.     If  temperature  decreases,  the 
resistance  *  resistance  _  
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CORRECT  RESPONSES  TO  FRAME  25:      1-     increases,     2.  decreases, 

3.     decreases ,    4.     increases . 

Frame  26 

Changing  an  electrical  bridge  signal  into  aseful  motion,  is  done 
by  a  device  called  a  M1CR0POS1TI0NER.     See  the  picture  below.  Find 
the  actual  component  in  the  display  box.    Not^  the  contact  arrange- 
ment. 

The  micropositioner  is  a  relay  chat  can  be  tilted  like  a  teeter- 
totter.     It  will  tilt  one  Way  and  close  one  set  of  contacts,  or  the 
opposite  way  and  close  a  different  set  of  contacts.     How  it  does  mis 
can  be  seen  in  the  simplified  explanation  that  follows. 


The  armature  (see  above)  of  the  micropositioner  is  similar  to 
-»  magnet  that  has  two  north  ends.     (The  south  ends  being  unused.) 
A  coil  of  wire  is  running  alongside.     If  current  flows  through  the 
coil,   .he  coil  will  have  a  north  and  south  pole.     Remember  the  Law  of 
Polarity;  like  poles  repel  and  unlike  poles  attract.     The  armature 
will  tilt  around  the  pivot  point  and  close  the  proper  contact 
depending  on  the  polarity  of  the  coil  and  of  the  armature.     (See  arrows 
X  and  Z  in  the  figure  below).     Since  it  is  actually  a  relay,  it  will 
control      valve  motor  circuit.    Check  your  understanding  of  the 
micropositioner 's  principle  of  operation  by  answering  the  questions 
on  the  response  sheet. 


i  1 


'If 


n! 


TO  THE 
MOTOR  CIRCUIT 


\ 

TO  THE 
MOTOR  CIRCUIT 


30 


,  Frame  26  Cont'd 


1.  Like  poles  (attract)  (repel) 

2.  "    Unlike  poles  (attract)  (repel) 

3.  Contact  X  will  (open)  (close) 

4.  Contact  Z  will  (open)  (close) 
If  the  battery  is  reversed; 

5.  Contact  X  will  (open)  (close)  y 

6.  Contact  Z  will  (open)  (close) 


11 
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CORRECT  RESPONSES  TO  FRAME  26:  •     1.  repel,     2.  attract,     3.  open, 


4 .  clpse^     5  •  close,     6 .  open 


Frame  27 


v 


Reversing  the  direption  of  current  ilbw  through  th^  coil  changes 
the  coil's  magnetic  north  and  south  poles  to  the  opposite  ends. 
The  armature  tilts  to  the  opposite  contact  closing  a  different  relay. 
You  will  recognize  the  micropositioner  in  a  diagram  by  the  symbol 
below.    The  micropositioner  provides  a  path  foj  current  to  flow  if 
the  bridge  is  unbalanced. 


Identify  each  symbol  by  drawing  them  on  t!u  response  sheet. 


3. 


A. 


5. 


32 
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Frame  28 


The  figure  below  shows  all  of  the  components  we  h  ve  mentioned. 
Now  let's  go  on  to  learn  its  operation  as  a  bridge  circuit* 


+ 


ADJUSTABLE 

RESISTOR     ^    ,  ^TEMPERATURE 

SENSOR 

TEMP 

SELECTOR    SV  , 
RHEOSTAT    7    ^  POSITIONER 

 nrvr>  £>B 


FIXED 
RESISTOR 


You  will  see  that  the  components  are  not  always  found  In  these 
positions.    All  of  them  may  not  be  used  or  perhaps,  as  in  some  bridges, 
even  more  are  added.    Baeically  they  will  however,  perform  in  much  the 
same  manner  as  these.     The  micropositioner ,  for  instance,  may  be  used 
in  quite  another  way.    We  have  used  it  here  for  one  purpose  and  have 
already  explained  its  principle  of  operation  in  a  simplified  manner. 


No  Response  Required 


3J 
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CORRECT  RESPONSES  TO  FRAME  27:      1*     Fixed  Resistor,     2.  R^iistat, 

3«     Temper a turp  Sensor  (or  Variable 

Res  is  tor)  ,     4  .    Aa^sj^bje^  R  i'  ^  ^  t  o  r  t 
5 •  Micropositioner. 

CORRECT  RESPONSE  TO  FRAME  28:        No  Response  Required. 

Frame  29 

Carefully  solve  the  problems  in  the  circuit  below*    Determine  the 
polarities  of  points  A  and  B.     Use  point  D  as  reference. 


Complete  the  following  statements  on  the  response  sheet. 

1.  The  most  negative  point  in  this  circuit  is  (A)   (B)   (C)   (D)  . 

2.  The  most  positive  point  in  this  circuit  is  (A)   (B)   (C)   (D) . 

3.  Point  A  is    volts  (+)    (-)  with  respect  to  point  D. 

4.  Point  B  is    volts  (+)    (-)  with  respect  to  point  D. 

5.  PMnt  A  is  positive  with  respect  to  point  B  (true)  (false). 

6.  Current  will  flow  from  (A  to  B)    (B  to  A)   (neither  direction). 

7.  There  is  no  difference   in  potential  \  ctween  A  and  B   (true)  (false). 

8.  The  bridge   is  balanced  (true)  (false). 


34 
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Frame  30 


At  this  point  it  is  necessary  for  you  to  understand  the  operation 
of  an  air  conditioning  system.     Refer  to  foldout  #1.     This  foldout 
shows  just  enough  units  to  permit  operation  of  the  system.  Air 
conditioning  and  completed  circuits  will  be  covered  in  later  lessons. 

Locate  the  two  engines  on  the  right  hand  side  of  the  toldout. 
Remember  the  text  material  on  Jet  Engines?    Recall  the  terra  engine 
bleed  air?    It  was  stated  that  the  secondary  purpose  of  the  compressor 
section  of  a  jet  engine  was  to  provide  air  for  the  air  conditioning 
system.     Now  you  will  put  this  knowledge  to  use. 

Locate  the  arrows  coming  from  both  engines.     Arrows  will  indicate 
the  direction  of  air  flow.     Follow  the  arrows  from  the  engines.  Notice 
that  the  air  from  both  engines  combines  and  enters  the  hot  engine  bleed 
air  manifold.     The  manifold  divides  into  two  paths  for  the  air  to 
follow.     One  path  is  through  the  heat  exchanger.     The  other  is  to  the 
temperature  control  valve.     Let's  stop  at  this  point  and  consider  the 
temperature  control  valve.     This  valve  has  a  butterfly-type  gate. 
When  open  it  allows  hot  engine  bleed  air  to  bypass  the  heat  exchanger 
or  closec  to  prevent  bypassing  air.     Also,  it  can  stop  at  any  t  Dint, 
between  fully  open  or  fully  closed  to  allow  a  desired  portion  of  hot 
air  to  bypass. 

Complete  the  following  sentences  on  the  response  sheet. 

1.  Air  which  is  tapped  from  the  engines  is  (hot),   (warm),  (cold). 

2.  Air  is  supplied  by  the   section  of  a  jet  engine. 

3.  The  temperature  control  valve  allows  a  portion  of  the  engine 
bleed  air  to  be  _  around  and  through  the  heat  exchanger. 


U  43 
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CORRECT  RESPONSES  TO  FRAME  29:      1.     D>     2.  C    3.   &(±>j     4-  *itl» 


5 .  false,     6 .  ne ijhtjr  direction, 

CORRECT  RESPONSES  TO  FRAME  30:  I.  (hot),  2.  £oj^essorf  3.  b^pJlSl^- 
Frame  31 

Let's  assume  the  temperature  control  valve  is  closed.     No  hot  r 
is  allowed  to  flow  through.    All  the  engine  bleed  air  (EBA)  is  forced 
to  go  through  the  heat  exchanger  and  cooling  turbine.     Through  the 
combined  action  of  these  two  units,  the  EBA  temperature  is  greatly 
reduced.     As  a  matter  of  fact,  the  air  will  become  very  cold.  Note 
that  airflow  coming  from  the  cooling  units  will  go  straight  into  the 
cabin  through  the  conditioned  air  vents.    At  this  stage,  we  are  not 
controlling  air  temperature,  are  we?    We  are  merely  making  the  air 
very  cold. 

Answer  the  statements  as  true  (T)  or  false  (F)  on  the  response  sheet. 

1.  Air  flowing  through  the  heat  exchanger  will  get  hotter. 

2.  To  get  cold  air  to  the  cockpit,   the  temperature  control 
valve  is  closed. 

3.  To  warm  up  the  cockpit  we  must  open  the  temperature 
control  valve. 


>6 
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Frame  32 

Assume  that  the  temperature  control  valve  is  fully  opened.  Air 
flow,  like  many  other  things,  tends  to  follow  the  path  of  least 
resistance.     Rather  than  going  through  the  heat  exchanger  and  cooling 
turbine,  most  of  the  air  flows  through  the  open  valve.    This  hot  air 
goes  down  to  the  hoc  and  cold  mixing  section.    Then  to  the  conditioned 
air  outlets  into  the  cockpit.    Under  this  conditJon  the  cockpit  wcild 
get  extremely  hot.     The  air  has  bypassed  the  cooling  units  through  the 
open  temperature  control  valve.     It  would  be  desirable,  then,  to  have 
a  mixture  of  hot  and  cold  air.     This  mixture  can  be  obtained  by 
positioning  the  temperature  control  valve  in  a  partially  open  or 
closed  position.    Here  is  where  our  bridge  circuit  and  micropositioner 
come  into  play.    By  rotating  the  temperature  selector  (rheostat)  toward 
cold,  we  unbalance  the  bridge.     This  tilts  the  micropositioner.  An 
electrical  circuit  is  completed  to  close  the  temperature  control 
valve.    The  pilot  then,  will  receive  the  cold  air  he  wants,  merely  by 
rotating  the  rheostat.  ^ 

Refer  to  foldout  1;  answer  the  following  statements  on  the  response  sheet. 


1.      To  g$t-  a  mixture  of  hot  and  cold  air,  the  temp  control  valve 
should  be   • 


2.      If  the  temperature  control  valve  is  open,  ycu  will  receive 

air  in  the  cockpit. 


3.      If  the  temperature  control  valve  is  closed,  you  will  receive 

pir  in  the  cockpit. 


4.      The  cooling  turbine  (cools)   (heats)  the  engine  bleed  air. 
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CORRECT  RESPONSES  TO  FRAME  31:     1.  F;     2.     T,     3.  T. 


CORRECT  RESPONSES  TO  FRAME  32:     1.  partially  open  or  closed,     2.  hot 

3  •  SP 1A>     **  •  cooj^-' 

Frame  33 

In  frame  29  you  saw  a  balanced  bridge.     Any  time  the  potentials 
at  points  A  and  B  are  the  same,  there  will  be  no  current  flow  across 
the  bridge.     The  coil  of  the  raicropositioner  will  not  become 
magnetized.     Therefore,  the  armature  will  not  tilt  either  way.  Both 
sets  of  contacts  will   stay  open. 

Refer  to  the  circuit  below  and  foldout  1.     Letfs  see  what  happens 
when  the  temperature  selector  (rheostat)  (R^  )  is  rotated.     As  each  part 
is  mentioned,  locate  it  on  both  circuits.     Remember  that  the  rheostat 
is  nothing  more  than  a  variable  resistor.     By  rotating  the  rheostat, 
let  us  say  we  have  manually  decreased  the  resistance  of  the  rheostat 
C&^)»    You  po  longer  have  as  much  resistance  on  R^  as  you  did  in 
frame  29.     As  you  can  see  from  the  circuit  below,  resistance  has  been 
decreased  from  6  to  2  ohms.    Now  /r*i  have  to  recompute  the  bridge 
electrical  values.     After  you  compL    *  computation,  answer  the 
following  statements*     Remember  to  use  point  D  as  reference. 

c 


12V 


Write  your  work  on  the  response  sheet. 

1.      The  most  negative  point  of  the  circuit  is  (C)   (D) . 


2. 
3. 
A. 
5. 
6. 
7. 

ERiC 


Potent fal  at  point  B  is  (+)  (-) 
Potential  at  point  A  is  (+)  (-) 


volts, 
volts. 


Which  pcint  is  most  negative?     (A)  or  (B)  . 

Which  way  will  current  flow  acioss  the  bridge?     (A  to  B)    (B  to  A). 
Will  the  micropositioner  tilt  in  a  given  direction?     (Yes)  (No). 
This  bridge  circuit  is  (balanced)  (unbalanced). 


93V 

Frame  34 
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Fefer  to  foldout  1.     Locate  resistor        which   is  the  temperature 
selector^  heostat)  ( >  ariablc  resistor).     Also  locate  icsistor     -j  which 
is  located  in  the  hot  and  cold  air  mixing  sec  ion.     This  resistor  is 
a  temperature  sensing  element.     The  sensing  element  changes  its 
tesistance  whenever  iti   temperature  charges.     Keep  these  two  units  in 
mind  as  you  continue  through  this  lesson. 

By  changing  the  resistance  of  the  rheostat         (refer  to  the 
figure  in  frame  33),  you  unbalanced  the  bridge  circuit.  Current 
flows  across  the  bridge  from  points  E  to  A.     Using  the  left-hand 
rule  for  a  coil  and  D  as  you;    reference  point,  identify  the  correct 
responses  for  the  statements  on  the  response  sheet. 

1.  The  micropositioner  armatULe  (will)    (will  not)   tilt  in  a  gi\en 
direct  ion . 

2.  The  micropositioner  armature  (will)   (will  not)   tilt  to  the 
(right)   (  eft)   (neither  direction), 

3,  The  rheostat  has  rebistance  changed  (automatically)  (manually) 
(by  temperature  cuanges^ , 

4,  'Hie  temperature  sensing  eiementsf   res  i   tance  is  changed  (auto- 
matically)   (manually)    (is  not  changed). 
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CORRECT  RESPONSES  TO  FRAME  33: 


CORRECT  RESPONSES  TO  FRVME  34: 


1.  D,       2.     4*v,       3.     9V,        4.  B, 

5,  H  to  A,       6.     Yes,       7.  unbalanced, 

1.  wjJJL,       2.     wm,  left, 

3.  mamially.,      4.  iLuto^tlca^H^. 


Frame  35 

Refer  to  foldout  1.     Locate  the  micropositioner  armature. 
Assume  it  has  tilted  to  the  left.     Lcate  the  wire  which  carries 
24V  DC  to  the  micropositioner  armature.     When  the  armature  is  tilted 
to  the  left,  a  circuit  is  completed.     24  volts  is  sent  to  the  open 
side  of  the  valve  (electrical  motor),   running  it  to  the  open  position. 
As   the  valve  opens  it  allows  more  hot  air  to  go  to  the  mixing  section. 
This   increases  the  temperature  in  the  cockpit  area.     Here   is  where  the 
terr.peratu.  e  sensing  element  plays  a  very  important  role. 


Assume  that  the  temperature  sensing  element  has  a  negative  co- 
efficient.    (If  temperature  goes  up,   the  resistance  of  the  element 
goes  down  and  vis-  versa).     The  temperature  increase  is  felt  by  the 
sensor  as  the  air  flows  over  it.     As  the  temperature  increases,  the 
sensor  resistance  starts  to  decrease. 

Complete  the  following  statements  on  your  response  sheet. 

1.  The   24V  DC  applied  to  the  micropositioner  armature  is   the  power 
used  to  open  or  close  the  ,  — — — — ' 

2.  Current   flow  from  B  to  A  in  the  bridge  would  call   i  or  

ai  r . 

3.  The  temperature  control  valve  is  operated  by  an  electric   
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Fr«*ne  36 

Refer  to  the  diagram  below  and  foldout  1.     Notice  that  th/  resistance 
of  R2  (temperature  sensing  element)  has  been  decreaseu  from  6  ohms  to  2 
ohms;  this  is  indicated  by  the  slash  mark  through  the  6.    This  means  that 
at  the  start  it  was  6  ohm-  (Frame  29)  but  doe  to  the  rise  in  temperature, 
the  .ensor's  resistance  has  decreased.     Recompute  the  bridge  s  electrical 
values.    Remember  to  use  point  D  t s  your  reference. 


Complete  the  following  statements  on  the  response  sh.ot. 

1.  Point  A  is   volts  anc*  is  '+)   (~)  • 

2.  Point  B  is    _  volts  and  is  (+)   (-) . 

3.  Current  will  flow  (frcin  A  to  B)   (from  B  to  A)   (neither  direction), 

4.  The  bridge  is  (balanced)  (unbalanced). 

5.  The  micropositioner  armatuie  is  (tilted  to  left)   (tilted  to  right) 
(not  tilted). 

This  means  the  cabin  air  is  increasing  and  this  hot  air  flowing 
over  (toucuing)  Rn  in  the  cabin  (refer  to  fcldout  1)  is  driving  the 
r, distance  down  in  R2.     This  has  lowered  the  resistance  now  causing 
current  to  flow  from  A  to  B  the  micropositioner  will  now  begin  to  brake 
contact  on  the  left  side,  which  is  to  the  open  side  of  the  temperature 
control  valve. 
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CORKECT  RKSPOSSKS  TO  FKAME  35:       1.     Temperature  contro1  valve 

2 .  hot     »     3,     mot  or, 
CORRECT  RFSPONSSS   TO  bRAMH  36:       1.  3v>   (+)       2«    6Vj_  (+) 

3 .  AjtoJJ_ 

4 .  unba__  need  5,     tilted  to  right 

Frame  37 

Starting  ai  frame  32,  we  manually  unbalanced  the  bridge  by  rotati 
the  temperature  selector  rheostat.     By  changing  its  resi   tance,  we 
caus>  J  curant  to  flow  across  the  bridge  fr^ra  points  A  to  B.  This 
energized  a  motor  circuit   to  allow  a  decrease  in  the  temperature  of 
the  air  entering  the  cockpit  area. 

Cooler  air  begins   to  flow  across   the  temperature  sensing  element. 
sencorh   resistance  starts  to  increase.     At  that  point  the  bridge 
starts  to  rebalance.     That  is,  as  soon  as  the  sensors  resistance  again 
equaled  the  resistance  of  the  tueostats  new  setting,  current  ceased  to 
flow  across  the  bridge. 

With  :io  cuirent  flow!  Tig  across  the  bridge,   the  ml  c  n»pps  i  t  i  oner 
deenergizes.     Current  ceases  to  flow  through  the  motor  circuit.  When 
the  circuit  has  balanced  and  the  motor  stops  running,   the  svstero  is 
said  to  be  at  its  t e mp e r a  t  u  r  e  control  jwinj^. 

it  must  be  made  clear   ihat  at  times  the  temperature  st  'sing 
element  tends  tc  overccrrect  itself.     Instead  of  stopping  when  the 
voltages  are  eqaal   (at  points  A  &  B)   the  sensors  resistance  w  1 
continue  to    :ecreuse  or  ±   crease  after  the  mixed  air  temperature 
has  leached  the  temr  rature  control  point.     This  is  due  to  a  slight 
heat  transfer  lag  be   .'een  the  air  and  sensor  metal,     This  cause  tr 
sensjr  to  be  a  little  late  in  sending  its  final  Mbalancedtf  signal  to 
the  bridge.      'he  motor   is   late  in  shutting  off  and  overruns*  This 
causes  tie  br   }pe  to  nib  a  lance  in  the  opposite  direction.     The  bridge 
tries  to  "hunt"  for  its  balanced  condition.     In  other  lemons  you  will 
study  units  whirl  are  put    into  the  circuit  to  compensate   for  th±s 
pioblera.     Re  irn  Tiber  the  2[beos_tat_  and  the  sensinjg  e  It  ment  s  the  units 

t > i a t  \ inbaj  a n c e  an d  ha lance  the  bridge  rj  re ui  t . 

Operating  c  hinges   of   the  tn vines  or  air  l  »o  I  i   v*  '    its  frequently 
i  h  mge   the  f  ei  p«  ratuie  of   i  »      rniAi^l  air  flawing  past   t\  l   tempera  tuft 
sensing  I'h'nt  n    -uid   imo  th<    cabin.     <*hen  this  happen*  <*<e  resist'*rK€ 
of   ^he  s  elisor     mJ'udin     i_y  changes,   thereby,  unbal  anc  i       th     :>r  idgo« 
The  bridge  <  will     tail   to  this    «n  the  s  ^-e  way  t   dues  s^en 

♦he  of  lot  tu»  is   r  sc    rhe       m    1  u'b.         1  iuit  fi«'W   r«        *  ti    H  «  r 


1, 


Iften  the  fridge  is  balanced,  the  system  is  at 


its 


2. 


An  inaccuratqf temperature  sensor  could  change 


he 


3.  When  the  bridge  is  unbalanced,  current  (will)   (will  not)  flo'* 
across  the  bridge. 

4,  Whenever  the  resistance  of  the  sensor  differs  from  the  resistance 
the  rheostat  is  set  on,  the  bridge  will  not  rest  until  the  two 
resistances  are   • 


» 


» 
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CORRECT  RESPONSES  TO  FRAME  3/*     1.     tenpeiature  control  point 

2.1 ump e_r a t ure  c on Lro  1  jx> i p. t 
3 ,    wi  11      A .  aHJke 

Frame  38 

Refer  to  page  49.    If  the  pilot  wants  colder  air  in  the  cockpit, 
all  he  needs  to  do  is  to  increase  the  rheostats  resistance.     This  will 
unbalance  the  circuit.     Current  will  flow  from  points  A  to  B,  tilting 
the  micropositioner  armature  to  the  right.     24V  DC  will  flow  to  the 
close  side  of  the  temperature  control  valve.  fl 

f       By  partially  closing  the  valve,  a  greater  portion  oi  the  air  wljl 
be  routed  through  the  heat  exchanger  and  cooling  turbine.     A  greater 
proportion  of  cold  air  will  be  delivered  to  the  cockpit. 

The  micropositioner  connecting  A  to  B  on  the  preceding  diagrams 
are  not  always  built  the  same  way.     The  wirine  connections  can  be  r^de 
on  the  outside  of  the  circuit  (figure  B) .     Notice  that  point  A  5r, 
marked  a  negative  potential  (less  positive).     Point  B  is  positive. 
F  : lowing  the  arrows  (-  to  +)  you  will  note  that  current  flows  from 
A  1 o  B  on  the  outside  of  the  diamond.     Shown  below  are  both  types  of 
circuits.     Figure  A  shows  wiring  on  the  inside  of  the  diamond* 
Figure  B  shows  the  wiring  connections  on  the  outside  of  the  diamond. 


990 

Frame  39 


Complete  the  statements  on  the  response  sheet.  If  any  of  your 
responses  are  incorrect,  review  the  appropriate  frames  to  detex.nine 
the  correct  response, 

1#      Increasing  or  decreasing  one  or  more  of  the  resistances  will 
cause  the  bridge  to  become  unbalanced,     (True)  (False) 

2.  A  sensor  may  have  a   r-:  a  temperature 

coef f  i ent • 

3,  A  resistor  that  increases  its  resistance  as  the  temperature 
diound  it  increases  has  a     temperature  coefficient, 


111 

CORRECT  RESPONSES  TO  FRAME  38:     No  Response  Required. 
CORRhCT  RESPONSES  10  FRAME  39:       1.     true      2.     posit  ive  or  negative 

3  .     pos^j  t  i  ve 

Frame  AO 

As  a  final  review  of  your  ability  to  associate  symbols  and 
statements,  draw  the  component  symbol  where  the  i  ame  of  the 
component  would  normally  fit  on  the  response  sheeu. 

1.  A  fixed     _  has  a  value  that  n^rm^lly  docs  net 

change . 

2.  Temperature  is  "sensed"  by  a  _____  > 

3.  The  pilot's  temperature  selector  _   _  is  turned 

by  a  r.  nob  . 

A.       A  change  in  the  direction  of  current  across  a  bridge  circuit 
can  be  sensed  Dy  a     . 

5.  Small  adjustments  can  be  made  to  a/an  with  a 

screwdriver. 

6,  Which  of  these  is  not  really  a  bridge  circuit? 
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CORRECT  RESPONSES  TO  FRAME  40: 


, — — 2  — • — fV^r  *- 


4 


W  f- 

EZT 


6  (D) 


END  OF  TEXT 
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RAM  AIR 

INLET 


AIRCRAFT  CABIN 


ENGINE- 
COMPRESSOR 


CfMBUSTION- 

EXHAUST — J 


Foldouc  1.     balanced  Bridge. 
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TEMPERATURE  CONTROL  CIRCUITS  WIRING  DIAGRAK 


OBJECTIVE 


After  completing  this  workbook,  you  will  be  able  to  use  an  electrical 
diagram,  identify  a  minimum  of  8  out  of  10  circuit  malfunctions,  when 
given  the  cuase  and  circuit  condition. 

EQUIPMENT 

Basis  of  Issue 
Colored  Pencils  1  set/student 

WB-116A  1/student 

PROCEDURE 

When  you  have  acquired  the  above  listed  equipment,  proceed  according 
to  the  instructions  for  each  project  of  the  workbook.    DO  NOT  change  the 
color  of  the  pencil  you  are  using  to  trace  each  part  of  the  circuit 
unless  you  are  told  to  do  so. 

Project  1 

In  this  project  you  will  be  tracing  out  three  (3)  different 
circuits,  all  controlling  tno  same  motor  and  va.'ve  assembly  (only  one 
circuit  will  be  on  at  a  time).    One  circuit  will  "automatically"  control 
the  temperature  control  valve.    One  circuit  will  "Manually  open"  or 
close  the  temperature  control  valve  assembly. 

Tba  MANUAL  HOT  &  COLD  circuits  are  used  as  a  "back  up"  system  in 
case  the  "automatic"  circuit  malfunctions. 

INSTRUCTIONS 

Using  foldout  1  from  the  back  of  the  text  and  a  set  of  colored 
pencils,  trace  the  circuits  in  each  of  the  following  situations.  Locate 
the  various  components  that  you  will  be  working  with;  ie.,  the  power  bus, 
circuit  fuse,  temperature  control  switch,  hot  and  cold  relays,  raicro- 
r;sitioner,  and  the  temperature  control  valve.    Fro  ease  of  following 
the  circuits,  we  will  trace  from  the  voltage  source  to  ground,  although 
in  the  actual  circuit  the  current  will  flow  from  ground  (-)  to  the 
voltage  source  (+) . 


Supersedes    3ABR42331-WB-112,  31  October  1973. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

337CTCHTG/TTGU-P  -  300;     TTVSA  -  1 
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1.  Using  a  red  pencil,  trace  the  following  voltage  source. 

a.     Trace  from  the  28V  DC  power  bus  alcng  wire  H28A18  to 
the  five  amp  fuse,  through  this  fuse  along  wire  H29A18  to  the  tempera- 
ture control  switch.    Stop  at  this  point  for  a  moment. 

tfott:    This  temperature  control  switch  provides  power  to  operate 
the  AUTOMATIC,  MANUAL  COLD,  and  the  MANUAL  HC'i  ciTZSits.  To 
.     operate  any  of  the  three  circuits  from  this  point  it  is  necessary 
to  position  the  "switch"  to  the  poeition  that  is  desired.  From 
the  switch  you  will  be  using  three  different  colors  of  pencil 
to  show  you  the  distinct  separation  of  the  three  circuits  even 
though  they  all  control  the  same  valve  assembly. 

If  the  power  circuit  you  have  just  traced  does  not  look  like  the 
completed  portion  of  figure  one,  redo  the  previous  step  1  or  ask  your 
instructor  for  assistance. 

2.  Using  a  green  pencil  place  the  temperature  control  switch  to 
the   manual  cold"  position  and  trace  the  following  voltage  source. 

*.      Trace  along  wire  H31A18  over  to  junction  A2  of  the 
cold  relay,"  from  A2  along  wire  H31B18  through  the  close  field  vindrtog 
of  the  tunperature  control  valve,  to  junction  "A"  of  the  valve  assembly. 
The  symbol  (Qm£])  represents  the  motors  armature  field,  brushes  or 

slip  rings  and  end  frame.    Next  trace  from  junction  A  to  the  rotor, 
then  from  the  motor  along  wire  NMA18  to  the  ground  point  ( 

(1)  From  your  previous  study  of  DC  motors  you  should 
recall  that  if  you  apply  voltage  to  the  close  field  and  armature  windings 
ot  the  valve,  the  armature  and  valve  shaft  begins  to  rotate,  in  turn 
rotating  a  unit  or  butterfly  device  of  some  type  to  a  "closed"  position. 

(2)  From  the  previous  study  of  bridges  you  learned  how 
the  position  of  this  temperature  control  valve  butterfly  affected  the 
cockpit  temperature.    If  you  do  not  recall  how  this  valve  mixes  the 
ratio  of  hot  and  cold  air,  then  refer  back  to  the  text  prior  to  this 
one  that  covers  the  briuge's  operation  in  relation  to  the  temperature 
control  valve. 

The  manual  coid  circuit  you  have  just  traced,  should  look  like 
the  completed  portion  of  figure  2.    If  not,  redo  step  2,  or  ask  your 
instructor  for  assistance. 

3.  Using  an  orange  pencil,  trace  the  voltage  source  for  the 
manual  hot  position. 

a.      Trace  across  the  temperature  control  switch  to  the  "hot" 
position  along  wire  H30A18  to  junction  A2  of  the  hot  relay,    nov  trace 
from  Junction  A2  along  wire  H30B18  through  the  OPEN  FIELD  winding  of 
the  motor  to  Junction  A.    Then  trace  on  to  the  ground  point,  along  the 
motor  ground  wire  NMA18. 
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W    At  thia  ?oint  the  armature  rotates  and  in  turn 
will  open  the  buttarfly  allowing  hot  air  to  enter  the  cockpit  aa  lone 
aa  the  ewitch  la  left  In  tMs  position. 

The  manual  hot  circuit  you  have  juat  traced  should  look  like 
the  completed  portion  of  figure  3.    If  not,  redo  step  3  or  aak  your 
lnatructor  for  assistance, 

(2)    From  prevloua  lessons  you  learned  that  you  must 
get  a  ratio  of  hot  and  cold  air  to  the  cabin.    In  the  manual  range 
Juat  explained,  there  must  be  a  method  so  that  you  can  momentarily 
position  the  temperature  control  switch  to  manual  hot  or  cold  and 
poaitlon  the  valve  to  the  dealred  point  where  you  want  it;  hot, 
warm,  cool,  or  cnld  air, 

b.      If  the  switch  as  properly  constructed  this  can  eaaily 
be  accomplished.    Refer  to  the  illustration  below,  then  read  the 
information  that  follows: 

SPUING 


T€MPEJUTUAe\ 
CONTROL  Na 
SWITCH 


OFF 


FOWf  A  * 


TO  MANUAL  COLD 


CLOSE 


TO  MANUAL  HOT 


OPEN 


Figure  3. 


to  each 
"manual 
back  to 
side  of 
"manual 
the  OFF 


(1)    Mote  that  there  are  two  small  springs  connected 
aide  of  the  switch.     If  you  were  to  hold  the  switch  to  the 
cold"  position  and  then  release  It,  It  in  turn  would  spring 
the  OFF  position,  thus  removing  power  from  the  close  (cold) 
the  motor.    By  the  same  token  if  you  placed  the  switch  to 
hot"  and  then  released  the  switch,  it  would  spring  back  to 
position. 


(2)    Simply  in  this  manner  you  could  send  small  blips  of 
power  to  either  side  of  the  motor  and  position  the  valve  to  the  exact 
point  desired.    Full  open,  partially  open,  partially  closed  or  full 
closed  until  the  desired  cockpit  temperature  is  reached. 

(a)    Due  to  the  varying  altitudes  and  different 
throttle  setting  of  the  aircraft  engines,  creating  temperature  changes 
to  the  air  conditioning  system,  the  temperature  would  have  to  be 
continuoualy  "monitored"  in  manual  to  maintain  the  proper  temperatures 
in  the  cockpit.    For  this  reason  the  automatic  range  was  designed  to 
give  better  temperature  control,  without  having  to  constantly  "monitor" 
the  system. 

6 


4.      lining  a  Muu  pencil,  trace  che  following  voltage  sources 
la  the  "auto"  position. 

a.  Drav  the  temp  control  switch  in  the  auto  position  and 
trace  across  wire  B1A18  to  the  3  way  Junction  (- 

Note  at  this  point  the  circuit  parallels  into  thr  *e  paths. 

(1)  One  along  wire  H33A18  to  point  Al  of  rhe  cold  relay, 

(2)  One  along  wire  H32A18  to  Al  of  the  hot  relay,  then 
along  wire  H34A18  to  the  micropositioner  armature  contact. 

(3)  The  other  path  through  resistor  R-6  along  wire 
B1B18  to  the  "top"  of  the  bridge. 

b.  Let's  take  each  path  individually  as  you  trace  them 
out  on  the  foldout. 

(1)  First  trace  along  wire  H33A18  to  point  Al  of  the 

cold  relay. 

(a)    Voltage  would  stop  at  this  point  because  the 
cold  relay  has  not  been  energized  at  this  point.    The  spring  attached 
to  the  armature  contact  is  holding  it  up,  therefore  breaking  che 
electrical  circuit  between  points  Al  to  point  A2  of  the  relay. 

(2)  Now  trace  along  wire  H32A18  to  Al  of  the  hot  relay. 

(a)  Again  voltage  would  not  be  sent  across  from 
Al  to  A2  of  this  relay;  for  at  this  point  it  is  "deenergized." 

(b)  Trace  from  Al  along  wire  H34A18  to  the  micro- 

positioner  armature  contact^    J      )  .    You  now  have  a  voltage  potential 

on  the  contact.    Ar  this  point  with  no  current  flow  across  the  bridge, 
the  contact  is  in  its  neutral  position  and  neither  relay  is  energized. 
Therefore,  it  should  be  of  special  interest  to  note  if  there  is  NO 
CURRENT  across  the  bridge  the  system  will  not  energize  the  hot  or  cold 
relays  which  feed  power  to  the  motor  windings  ir  automatic. 

(3)  Now  trace  across  resistor  R-6  at'  the  three  way 
Junction,  along  wxre  B1B18  to  the  TOP  of  the  bridge  circuit. 

Mote:    Resistor  R-6  is  a  voltage  dropping  resistor  to  the 
bridge,  simply  the  aircraft  or  trainer  circuits  would  only 
require  a  small  amount  of  voltage  for  actual  operation. 
Therefore,  this  resistor  is  used  to  regulate  voltage  to  the 
bridge. 


-4   j  4 
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(a)  Notice  chat  the  circuit  at  this  >oint  is 
nothing  more  than  a  parallel  circuit.    One  path  down  tba  left  side, 
one  path  down  the  right  side. 

Note:    At  this  point  you  must  assume  rhat  the  bridge  is  in  a 
balanced  condition;  that  is  voltage  at  points  A  and  B  are 
the  sane  anri  NO  current  is  flowing  s-ross  the  micro-positioner 
coil. 

(b)  Trace  along  wire  B2A18  through  the  rheostat 
and  variable  resistor  along  wire  B2B18  to  point  A,    Continue  on  wire 

B2C18  through  the  temp  sensing  element  )  along  wire  B2D18  uo 

point  r  then  to  the  ground  point  along  wire  H3E18N. 

(c)  Go  back  to  the  top  of  the  circuit  and  trace 
to  whe  right  along  wire  B3A18  through  the  sensing  element  ( ^Jbsr-  ) 
along  wire  B3B18  to  point  B,  continue  on  wire  B3C18  through  the  variable 
resistor  (4+^ — 1  along  wire  B3D18  to  the  ground  point  along  wire 
H3E18N. 

The  circuit  you  have  just  traced  should  look  like  figure  5,  If 
your  traced  circuit  does  not,  redo  step  4  or  ask  your  instructor  for 
assistance. 

Note:    At  this  point  you  have  traced  the  manual  cold  circuit, 
'chm  manual  hot  circuit,  and  the  auto  circuit  under  a  balanced 
condition.    In  the  next  two  steps  you  will  unbalance  the 
circuit  and  energize  each  relay  in  turn,  the  hot  and  cold 
relay  circuits. 

5.      In  this  step  you  will  create  a  difference  in  voltage 
potential  by  raising  point  Afs  voltage  to  a  higher  value  than  the 
voltage  at  point  B. 

a.      This  can  be  accomplished  in  three  ways. 

(1)  By  the  rheostat. 

(2)  Ry  the  variable  resistor. 

(3)  By  the  temperature  sensor  on  the  left  side  of 

the  hrfd&c. 

(a)    If  the  rheostat fs  resistance  is  decreased, 
then  less  voltage  would  be  used  to  get  the  current  to  flow  through  it; 
therefore,  the  voltage  at  point  "A"  would  be  higher.  Remember, 
voltage  drop  or  usage  is  in  proportion  to  resistance  in  a  series 
circuit.    SimplyJ^-a^aaistor's  value  changes,  the  voltage  require- 
ment for  tb**-resistor  or  circuit  automatically  changes. 
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(b)  By  the  same  token,  the  resistance  of  the 
variable  resistor  could  be  decreased  also  making  a  higher  voltage  for 
point  A  due  to  less  voltage  being  required  for  it. 

(c)  On  the  sensing  element,  the  resistance  would 
have  to  be  increased.    By  increasing  this  resistor's  value,  you  would 
require  a  larger  share  of  the  voltage  to  get  current  to  flow  through 
it*    Therefore,  less  voltage  would  be  used  through  the  other  resistors, 
In  turn  impressing  x  higher  voltage  across  point  "A"  to  the  sensing 
element . 

b.  Now  that  a  higher  voltage  has  been  established  at 
point  "A"  than  point  "B",  there  would  be  current  flow  across  the 
bridge. 

Note:    Always  remember  that  if  a  resistor's  value  changes,  for 
any  reason,  voltage  will  automatically  be  changed,  either 
increasing  or  decreasing  the  voltage  requirement  for  that  unit 
or  units. 

(1)    Using  the  orange  pencil,  again  trace  across  the 
bridge  from  point  "B"  to  point  "A". 

(a)  Point  B  now  has  a  low  voltage.    Point  A  his 
the  higher  voltage  potential.    ExtJiple:    Point  B  -  6  volts,  point  A 
•  8  volLs. 

• 

(b)  From  your  previous  study  you  should  aote 
Chat  the  microposltioner  coll  magnetizes  and  Che  armature  Is  offset/ 
tilted  to  the  left.    Note  the  Illustration  below. 


A  » 


( a — -f — a) 

Figure  6. 
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c.     Using  the  orange  pencil,  trace  from  CI  to  XI  of  the 
hot  relay  through  the  coll  to  X2  to  ground  Along  wire  H35B18N.  The 
relay  now  become*  e  temporary  magnet  and  pulls  the  relay  contact  down, 
making  a  path  for  voltage  from  Al  to  A2  of  the  hot  relay.    Use  a 
brovn  pencil  and  trace  across  to  A2  then  on  to  the  hot  motor  winding 
to  ground* 

Note:    At  A2  of  the  hot  relay,  auto  hot  and  manual  hot  uses 
the  same  wire  to  get  to  the  motor  windings. 

The  circuit  you  have  Just  traced  should  look  like  figure  7,  If 
not,  redo  the  previous  section,  or  ask  your  instructor  for  assistance. 

6»      In  this  step,  lower  the  voltage  at  point  A*    Assume  that 
this  voltage  is  now  lower  than  point  "B". 

a.  Again  this  can  be  done  by  changing  any  of  the  resistance 
values  on  the  left  side  of  the  bridge.    This  could  have  easily  been 
done  on  the  right  side  of  the  circuit;  however,  the  left  side  is  merely 
being  used  as  a  point  of  reference. 

b.  Now  that  a  lower  voltage  is  established  at  point  A, 
current  will  flow  from  A  to  B  (left  to  right  across  the  bridge). 

(1)    The  mlcroposltloner  armature  contact  tilts/of fsets 
to  the  right  in  turn  energizing  the  contact  to  C2.    Note  the  illustration 
below.    Dotted  armature  contact  Indicates  balance  condition  of  the  bridge. 


A  » 


Figure  8. 

c.  Using  a  green  pencil,  trace  current  from  point  A  across 
the  mlcroposltloner  to  point  B.    Trace  out  contact  C2  to  XI  of  the 
cold  relay  through  the  coil  to  X2  to  ground. 

(1)    This  relay  now  becomes  energized,  the  contact 
between  Al  and  A2  is  pulled  down  and  makes  the  electrical  circuit. 

d.  Trace  from  Al  (using  a  brown  pencil)  to  A2  through 
the  close  (cold)  motor  windings  to  the  ground  point  along  wire 
NMA18. 
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Figure  9. 
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Note  at  A2  of  tha  cold  rtliy  that  "auto  cold"  end  "manual  cold" 
uea  tha  mm  wire  at  thla  point  to  tranefer  voitaga  to  tha  motor 
windings. 

This  completes  projact  1.    The  figure  you  hava  juet  tracad  should 
look  lika  figure  9.    If  you  do  not  understand  what  you  hava  done  up 
to  thla  point  and  why.  than  redo  thla  project.    If  you  still  do  not 
understand,  than  notify  tha  instructor  for  aid. 


Project  2 


INSTRUCTIONS 


Us^ng  foldout  2,  note  the  circles  and  squares  with  numbers  at 

tha  various  points  on  tha  circuit.    The  circled  numbers  ((I)-—) 

represent  an  OPEN  wire 'at  thia  point.    The  squares  >)  indicate 

that  thr.  circuit  is  SHORTED  at  this  point.    REMEMBER!    If  for  "any 
reason11  a  resistor's  resistance  is  changed  on  either  side  of  the 
circuit,  voltages  *t  points  A  and/or  B  will  be  changed. 

1.     Using  tha  illustrations  below,  see  what  happens  when  either 
side  of  tha  bridge  reelstanca  it  changed.    Illustration  1  Indicates 
a. normal  circuit  under  a  balanced  condition  (no  current  flow  across 
tha  bridge) .    Illustration  2  shows  tha  same  circuit  with  resistor 
R-3  broken  (open)  and  the  circuit  is  shown  in  an  unbalanced  state. 


9ft 


I*  la 
*•  in 


Illustration  1 


Illustration  2 


Figure  10. 
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a.     Note  that  the  left  side  of  the  bridge  in  Illustration  2 
la  normal  and  at  ill  haa  a  +6  volt  potential  at  point  A.   Not*  further 
that  with       brokan,  that  thara  la  NO  voltaga  acroaa  tha  braak  and 
Cha  voltaga  potential  at  point  B  is  at  *  zero  (C)  volt  potential. 
From  your  previoua  atudiea  you  know  that  current  would  now  flov  from 
point  B  (-    to  point  A  (+).    Keep  in  mind  that  point  B  could  ba  09 
lt  2,  3,  4t  5,  5.9  volts  and  currant  wouldHtill  flov  until  B  reach*** 
tha  seme  voltaga  aa  point  A,  than  tha  circuit  would  ba  balanced. 
With  current  fcJow  from  B  to  A,  tha  micropoaltionar  armature  contact 
will  tilt /off ant  to  the  left  making  contact  with  tha  wiring  going  to 
tha  hot  relay. 

(1)  It  is  noteworthy  to  realize  that  at  this  point 
tha  resistor  will  remain  brokan  until  the  aircraft  returns  from 
flight  and  yru,  the  maintenance  ran,  correct  tha  malfunction. 

(2)  In  turn  tha  system  would  ba  demanding  FULL  HOI 
in  AUTO  at  all  times. 

(3)  The  crew  "nuat  now"  select  tha  manual  override 
ranges  to  control  temperature* 

2.     As  you  may  note,  computing  the  different  breaks  or  shorts 
on  tha  bridge  could  become  quite  a  math  headache.    However,  there  is 
a  method  for  figuring  out  exactly  which  way  current  will  flow  when 
thare  is  a  malfunction  on  the  diamond  itself.  -Study  the  illustrations 
below  as  you  read  the  information  below  them. 

C 


COLD 


Figure  11 . 


a.      If  current  were  to  flow  ONXY  in  a  lopsided  Z  pattern 
from  point  D  of  the  circuit  (note  illustrations  1  and  2)  and  we  used 
this  method,  we  could  readily  identify  thfc  malfunction  and  determine 
which  way  current  would  flow  across  the  bridge.    Arrows  indicate 
direction  of  £f  and  current  flow  across  the  bridge. 
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(1)  Rom — btr  this  will  only  be  a  method  used  In  aiding 
you  to  bypass  having  to  mathematically  compute  voltages  each  time 
chare  la  a  ehort  or  open  on  the  diamond.    Keep  these  Z  from  D  patterns 
In  your  head  as  you  continue. 

b.     Using  the  Illustration  below,  let's  see  exactly  how  ' 
this  Z  pattern  will  help  in  determining  which  way  current  will  flow 
on  the  bridge. 


C 


Figure  12, 

(1)  Using  a  green  pencil  and  the  Z  pattern,  trace  from 
point  D  up  to  joint  A,    So  far  the  circuit  looks  ok.,  now  trace  across 
from  point  A  t^o  point  B  then  up  to  the  broken  path  (resistor  R-3)  of 
the  circuit. 

(2)  At  this  point  the  circuit  has  an  incomplete  path 
and  current  could  not  flow  on  to  point  C  or  anywhere.    (You  must  have 
a  complete  path  for  current  to  flow.)    Seeing  as  how  you  donft  have  a 
complete  path  from  this  point  to  C  and  on  tc  positive,  there  is  NO 
ACTIOK  en  the  micropositioner  coil  and  it  remains  in  the  neutral 
position  (neither  relay  on) . 

(3)  So  now  you  must  go  back  to  point  D  and  start  the 
Z  pattern  in  the  opposite  direction.    Use  figure  13  shown  below,  in 
this  procedure. 

C 


0 

Figure  13. 
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9  (a)    Using  a  green  pencil,  trace  from  D  to  point 

B  across  to  point  A,  up  to  point  C  and  to  the  positive  bus.    As  you  can 
sa#,  the  circuit  is  complete;  the  armature  contact  is  tilted  to  the  left, 
and  the  HOT  circuit  is  energized .    Trace  the  contact  in  Its  tilted 
position  to  the  left  in  orange. 

c.     What  if  resistor  Rl  were  shorted  in  the  illustration 
below?    Remember,  if  the  bridge  is  unbalanced,  the  current  will  always 
take  the  Z  pattern  from  the  lowest  voltage  potential  to  the  highest. 
In  figure  14  below,  use  the  green  pencil  to  trace  out  your  Z  pattern, 
and  then  answer  the  questions  about  the  circuit. 


c. 


0. 

Figure  14. 


Answer  the  following  quest  ions. 

1.      Current  now  flows  across  the  bridge  from  to 

 .     (A  to  B,      to  A) 


2.  This  Z  path  has  the  least  resistance   • 

(DBAC/DABC) 

3.  The  raicropositioner  contact  is  (tilted/not  tilted) 
 to  the  (left/right/neither  direction)   • 

4.  Current  flow  takes  the  path  with  the    (least/ 

highest)  resistance. 

Check  the-  following  page  for  the  correct  answer  to  the  illustration 
and  questions.    If  your  answers  do  not  agree  with  these,  then  reread 
the  information  given. 
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Answers  to  Illustration  and  questions  1  through  4  on  paga  18, 
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Figure  15. 

c.      Your  circuit  should  appear  as  the  one  above*    This  is 
the  portion  of  the  circuit  that  you  should  have  traced  in  green.  From 
point  D  to  b  to  A  to  C.    Note  the  position  of  the  micropositioner 
armature  contact. 

1.      B  to  A. 

1.  OBAC. 


3.      tilted  -  left. 
4«  least. 

(1)  The  system  is  still  demanding  full  hot  as  was 
the  previous  circuit. 

(2)  The  thing  to  remember  is  that  current  goes  in 
the  opposite  direction  of  the  opens  and  flows  with  the  shorts  when 
using  the  troubleshooting  aiJ  of  "Z,f  from  D. 


d.     As  was  stated  previously ,  this  "Z"  from  D  is  merely 
an  aid  in  troubleshooting.    If  the  circuit  was  to  be  mathematically 
computed  in  each  case,  you  would  find  that  this  method  proves  correct 
in  determining  direction  of  current  across  the  bridge. 

Using  toldout  2  and  figure  16,  you  will  identify  circuit  malfunction (s) 
in  the  temperature  control  circuit  which  are  caused  by  OPENS  or  SHORTS. 
You  will  place  an  "X"  in  the  block  which  will  givi      u  the  correct 
circuit  malfunction.    The  first  one  has  been  done  *.or  you.    Numbers  2, 
3,  4  you  mast  do  for  practice  and  have  them  checked  by  your  lab  instructor 
before  you  progress  to  the  problems  in  the  progress  check. 
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1       First  look  at  figure  16  and  find  practice  problem  1,  then  using 
foldout  2,  look  for  problem  1  in  the  temperature  control  circuit.  After 
you  have  found  1  on  foldout  2,  you  will  see  that  it  points  to  an  OPEN  in 
the  power  lead  to  the  temperature  control  switch.    You  can  identify  an 
open  in  this  foldout  2  by  the  circle  around  the  number  of  the  cause,  or 
you  can  also  look  on  figure  16  under  the  cause  column. 

1.  Figure  16  gives  you  the  answer  sheet  for  practice  problem  1. 

2.  Foldout  2  gives  you  the  location  of  the  OPEN  circuit  power 

lead. 

3.  The  circuit  condition  column  for  the  temperature  control 
switch  and  rheostat  in  figure  16  will  give  you  the  position  the 
controls  will  be  In  during  an  operational  check  when  the  given  CAUSE 
is  In  t:  i  circuit. 


a.      How  will  the  circuit  malfunction  when  the  temperature 
control  switch  is  in  the  manual  cold  position?    You're  right;  1  is 
an  open  in  the  power  circuit  causing  the  power  to  be  cut  off  to  the 
temperature  control  switch.    By  tracing  the  circuit,  you  know  this 
switch  must  have  power  to  it  for  both  the  manual  and  auto  circuit 
to  operate  or  the  whole  system  will  fail.    This  can  now  be  marked  in 
figure  16  with  an  "X"  under  (NO  OPERATION)  . 

Remember,  NO  OPERATION  means  that  the  temperature  control  valve 
will  not  operate  in  manual  hot,  cold  or  automatic.    This  does  not 
mean  that  the  bridge  will  not  control  the  micropositioner  and  the  hot 
and  cold  relay. 

The  selection  made  is  the  CIRCUIT  MALFUNCTION  (NO  OPERATION)  . 
This  is  the  only  complete  and  correct  answer  because  the  power  has 
been  cut  off  to  the  circuits.    The  above  circuit  malfunction  will 
result  regardless  of  the  temperture  control  switch  and  rheostat 
position. 

If  you  would  have  selected  any  of  the  other  circuit  malfunctions, 
your  answer  may  ba  either  half  or  all  wrong. 

Note:    He  very  CAREFUL  in  selection  of  the  circuit  malfunctions. 
They  must  describe  exactly  what  is  malfunctioning,  nothing  more 
or  lees..   Also,  always  note  the  position  of  nhe  temperature  control 
switch  and  rheostat  given  in  the  circuit  condition  column  in 
figure  16.    Sometimes  more  than  one  answer  could  be  correct. 
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PRAGT1GJS  PROBLEMS 


First  look  at  figure  16  and  find  practice  problem*  2,  3t  and  4,  and 
than  using  foldout  2,  look  for  problems  2 ,  3,  and  4  in  the  tmperature 
control  circuit.    Aftar  you  have  found  2t  3t  and  4  on  foldout  2,  select 
tha  comet  circuit  malfunction  given  at  the  top  of  figure  16  by  placing 
an  "X"  in  the  correct  block.    Your  instructor  will  grade  your  work  and 
Initial  it  if  you  are  to  progress  to  the  next  five  problems. 

PROGRESS  CHECK 

Tha  next  ten  problems  will  not  be  done  any  place  but  in  the 
classroom  and  under  supervision  of  the  instructor.    You  will  not  do 
these  problems  In  the  barracks  or  at  home.    You  must  identify  a 
minimum  of  8  out  of  10  circuit  malfunctions  correctly*    Your  instructor 
must  check  your  work  after  the  first  five  proWMfcs.    If  your  instructor 
says  your  work  is  satisfactory,  the  instructor  will  initial  "your  work 
allowing  you  to  progress.    If  the  instructor  says  your  work  is 
unsatisfactory,  it  will  not  be  initialed  and  you  will  follow  the 
instructions  of  the  instructor. 
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Student  coepiettt  cue  following  (princ). 

STUDENT  UJUC  

(Laei)  (First) 

«  DATE  PROGRESS  CHECK  STARTED  


CIRCUIT  CONDITI 

ON 

CAUSE 

CIRCUIT  MALFUNCTION (S) 

TEMPERATURE 
CONTROL  SWITCH 

RHEOSTAT 

No  Manual  Cold 

No  Manual  Hot 

H 

q 

0 

z 

£ 
c 
< 

H 
O 

0 
44 

q 
< 

H 
(5 

4. 

c 

< 
- 

No  Operation 

No  Auto 

Number  on 
Foldout  2 

MANUAL 
CHLP 

MANUAL 
HOT 

AUTQ 

HOT  (a 

r)  COLD 

X 

X 

X 

X 

X 

OPEN 

X 

1 

X 



OPEN 

2 

X 

X 

X 

SliORT 

3 

A 

X 

X 

OP  Eh 

4 

« 

INSTRUCTOR  MUST  INITIAL  aEFURE  SlJutNT  IS  TO  PROGRESS 

x 

X 

X 

X 

X 

,  TO 

X 

X 

X 

OPEN 
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TEMPERATURE  CONTROL  CIRCUITS  TROUBLESHOOTING 

OBJECTIVES 

After  complating  this  workbook,  you  will  be  able  to: 

Use  a  temperature  control  circuit,  electrical  diagrams,  and  multimeter, 
locate  and  record  a  minimum  of  4  of  the  5  trouble  causes. 

EQUIPMENT 

Basis  of  Issue 
Multimeter  l/student 
DC  Bridge  Trainer  #3072  l/student 

PROCEDURE 

When  you  have  acquired  the  above  listed  equipment,  proceed 
according  to  the  instructions  for  each  project  of  the  workbook. 

When  ysu  leave  your  trainer  for  scheduled  or  unscheduled  breaks 
insure  the  following  are  done  before  you  go. 


1.  Place  the  control  switch  to  OFF  position. 

2.  Secure  your  multimeter  during  this  period. 

a.  Insure  the  controls  on  the  meter  are  properly  set  for 

storage. 

b.  Leave  the  test  leads  attached  to  the  meter. 

c.  Wrap  the  meter  leads  attached  to  the  meter. 

d.  Place  the  meter  on  the  locker  shelf. 

3.  When  you  return  from  the  break  take  the  same  meter  and 
go  back  to  work. 


) 


Supersedes  3ABR42331-WB-115A,  5  April  1977 
OPR:    3370  TCHTG 
DISTRIBUTION;  X 

3370  TCHTG/TTGU-"  -  300;  TTVSA  -  1 
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Proiect  1 

1.  *    Thia  project  is  performed  in  the  electrical  laboratory.  Report 
to  the  lab  instructor  with  this  workbook  and  your  progress     cord.  Here 
you  will  learn  the  operation  and  troubleshooting  technique     equired  to 
successfully  ch$ck  out  this  circuit.    BE  SURE  TO  REMOVE  YOUR  JEWfiLRY 
WHILE  IN  THE  LAB  AREA. 

Note:    You  oust:  acquire  a  multimeter  from  the  lab  instructor, 
upon  receipt  and  sign  out  of  the  meter.    The  instructor  will 
direct  you  to  the  trainer  that  you  will  be  operating, 

a*     Opan  the  multimeter  and  place  it  at  the  top  of  the  trainer 
in  the  holder  that  is  provided. 

b.  Remove  the  test  leads  and  probes  from  the  meter  cover  and 
insert  them  into  the  proper  holes  in  the  meter  jacks.    (Red  to  Red  -  Black 
to  Black.) 

c.  Position  the  "Function"  switch  to  OHMS  Range  X  10. 

d.  Zero  the  ohmmeter.    If  it  does  not  zero  notify  the  instructor. 

e.  Put  the  test  leads  aside  for  the  present  so  that  you  get  a 
clear  view  of  the  trainer. 

2.  Before  you  can  effectively  troubleshoot  any  system  you  must 
become  thoroughly  familiar  with  the  "normal"  operation  of  the  system. 

An  "operational  check"  of  the  system  MUST  BE  performed  prior  to  trouble- 
shooting ,  to  determine  the  condition  of  the  system  and  to  help  you  to 
locate  exactly  which  part  of  the  circuit  is  defective. 

3.  Follow  the  procedures  below  and  perform  an  operational  check  of 
the  system. 

a.  Note  the  physical  location  of  the  28V  DC  bus,  fuse, 
temperature  control  switch,  micropositioner,  hot  and  cold  relays  and  -the 
temperature  control  valve  and  the  different  ground  points  (  -JJi  ) 

on  the  circuits.    Thes*  ground  points/symbols  actually  means  that* the 
negative  wire,  of  a  given  component,  is  connected  to  the  fuselage/frame 
of  the  aircraft  in  some  manner.    On  the  trainer  you  will  note  at  the  very 
bottom  of  the  bridge,  a  small  round  plastic  hole  that  says  ground.  This 
hole  (ground)  represents  the  fuselage  of  the  aircraft.    Therefore,  if  you 
take  a  meter  reading  on  a  negative  wire  it  will  be  taken  from  the  negative 
side  of  the  component  to  the  frame/ fuselage  which  is  referred  to  as  the 
common  ground. 

b.  Place  all  the  trouble  switches  on  the  rear  of  the  trainer 
to  the  "off"  position. 

c.  Insure  that  the  trainer  is  plugged  in,  this  supplies  28V  DC 
to  the  +  bus. 

d.  -Inaura  that  the  tie  point  jacks  are  installed  at  points 
A  &  B  of  the  circuit.  These  are  two  metal  rectangles  that  have  3  nuts 
and  jacks  on  each  plate. 

3 

991 


(1)  Note  the  green  plastic  place  over  the  close  (cold) 
winding  of  the  motor. 

(2)  Note  the  red  plastic  plate  over  the  open  (hot) 
winding  of  the  rotor, 

(a)    When  either  light  is  on  (plates  have  lights  behind 
than)  it  simulates  actual  operation  of  the  temperature  control  valve, 

(3)  Note  the  green  and  red  plastic  plates  across  points 

A  and  B. 

(a)  If  the  red  light  is  on  it  indicates  current  flow 
from  B  to  A9  but  does  not  indicate  the  motor  valve  has  operated* 

(b)  If  the  green  light  is  on  it  indicates  current 
flow  from  A  to  B,  but  does  not  indicate  the  motor  valve  has' operated. 

Note:    As  you  perform  each  of  the  following  steps,  fill  in  the 
information  in  the  blanks  provided  that  correctly  identifies 
correct  bridge  currant  or  motor  operation. 

e*     Place  the  temperature  control  switch  to  the  MANUAL  COLD 

position. 

(1)  The  temperature  control  valve   

(opened/closed) • 

(2)  The  (   (hot  relay/ cold  relay/neither 

relay)  energized. 

f.  Place  the  temperature  control  switch  to  the  MANUAL  HOT 

position* 

(1)  The  temperature  control  valve   

(opened/ closed) . 

(2)  The    (hot  relay/cold  relay/neither 

relay)  energized* 

g.  Place  the  temperature  control  switch  to  the  AUTO  position, 

(1)    If  any  lights  are  on,  locate  and  turn  resistor  R-l's 
knob  either  clockwise  or  counterclockwise  until  all  lights  are  off. 
Resistor  R-l  is  located  on  the  upper  left  side  of  the  bridge  diamond. 

Note:    Do  not  adjust  any  other  resistor  on  the  circuit  except  resistor 
R-l.    If  you  cannot  :um  off  all  the  lights  while  you  are  in  automatic, 
et  this  time  assure  all  troubles  are  off  in  the  rear  of  the  trainer. 
If  this  does  not  solve  the  problem,  inform  the  instructor  so  he/she 
can  perform  calibration. 

h.  Now  turn  R-l  counterclockwise  (to  the  left)  until  the  red 
light  comas  on. 


aot  flow). 
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U)    There  (is/is  not)  a  current  flow  across  the  bridge. 

(2)  This  current  is  from    (A  to  B/B  to  A/does 

(3)  The  (hot/cold/neither)  relay  is  energized 


(4)  The  system  would  be  demanding  a  (cold/hot/ua  change) 
temperature  for  the  cabin. 


i.     Turn  R-l  clockwise  (to  the  right)  until  the  circuit  is 
balanced  (no  lights  on) .    Now  continue  to  turn  R-l  clockwise  until  the 
green  light  comes  on. 

(1)    There  (is/is  not)  a  current  across  the  bridge 


not  flow). 


(2)    Current  flow  is  from   (A  to  B/B  to  A/ does 


(3)  The  (hot/cold/neither)    relay  is  energized. 

(4)  The  system  would  be  demanding  a  (cold/hot/no  change) 
temperature  for  the  cabin.  ^ 


This  completes  the  operational  checkout  procedures,  now  compare  your 
answer  with  those  on  the  following  page.  This  way  you  will  know  that  the 
trainer  is  operating  properly. 
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Answers  to  operational  check. 


e.  (1)  closed 

(2)    neither  relay 

Note  that  either  relay  is  energized ,  simply  because  you  are  in  the 
"manual"  range.    Manual  bypasses  the  automatic • system  completely. 

f.  (1)  opened 

(2)    neither  relay 

Note  that  neither  relay  is  energized ,  simply  because  you  are  in  the 
"manual"  range.    Manual  bypasses  the  automatic  system  completely. 


(1) 

is 

(2) 

B  to  A 

(3) 

hoc 

(4) 

hoc 

(1) 

is 

(2) 

A  CO  B 

(3) 

cold 

(4) 

cold 

If  all  your  answers  agree  with  the  ones  given  above,  and  you  are 
THOROUGHLY  familiar  with  the  operational  checkout  procedures,  then  you 
Are  ready  to  begin  with  the  troubleshooting.    If  you  do  not  agree  with 
the  answers,  perform  the  operational  check  again*  then  if  you  still  do 
not  agree  contact  the  Instructor  for  assistance. 

4.  Use  the  following  meter  procedures  to  checkout  the  various 

circuits.  Note  the  different  checkpoint  locations  on  the  trainer.  These 

are  round  plastic  jacks  installed  at  different  points  in  which  the  meter 

leads  are  Inserted  to  check  the  circuit  at  these  points. 

a.     Use  the  "voltmeter"  to  check  the  following  circuits* 

(1)  Power  bus  to  "temp"  control  switch. 

(2)  Entire  manual  cold  circuit. 

(3)  Entire  manual  hot  circuit. 

(4)  Auto  circuit  up  to  "top11  or  bridge,  junction  point 
to  Al  of  hot  and  cold  relays.    From  the  top  of  the  bridge  the  diamond 
will  be  isolated  and  checked  with  the  Ohms  portion  of  the  multimeter* 
Do  not  use  your  meter  at  this  time. 
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b.     The  circuits  that  you  will  be  checking  with  the  ohmmeter 
i*  the  diamond,  the  path  across  from  A  to  B  of  the  diamond,  the  ground 
wires  and  the  hot  and  cold  relay  circuit??. 

5.  Turn  on  switch  ;i  located  on  the  back  of  the  trainer.  You 
have  now  placed  a  trouble  into  the  circuit  somewhere.  — 

6.  To  locate  the  trouble  caused  by  turning  on  the  trouble  switch 
ask  yourself  this  question.    Which  of  the  circuits,  manua.l  hot,  manual 
cold,  auto,  do  not  operate  as  they  should?    Then  proceed  in  the  following 
sequence. 

a.      Place  the  temperature  control  switch  to  MANUAL  COLD.  Note 
that  it  works  as  it  should.    If  you  forgot  this  check  then  refer  back  to 
project  1,  para  3,  step  e. 


b.      Place  the  temperature  control  switch  to  MANUAL  HOT.  Note 
that  it  operates  as  it  should.    Project  1,  para  3,  step  f. 


c.  Place  the  temperature  control  switch  to  AUTO.  Turn  R-l 
counterclockwise.  Note  that  the  bridges  fails  to  respond  and  does  not 
nm  the  motor  to  the  close  position. 

t 

d.  Turn  R-l  clockwise.    Note  that  the  bridge  still  does  not 
respond  and  you  cannot  energize  the  hot  relay  to  run  the  motor  to  the 
open  position. 

7.     Here  then  is  wh*re  the  actual  troubleshooting  begins.  ¥ou 
have  determined  that  the  "manual"  circuits  are  normal  and  that  you  have 
"MO  AUTO"  operation  at  all. 


a.  Note  with  the  manual  circuits*  "good"  that  there  is  no 
reason  to  check  these  circuits  at  this  point.  . 

b.  You  must  now  locate  the  trouble  in  the  AUTO  range  by 
using  the  multimeter  aa  a  testing  device. 


(1)    The  first  step  is  to  ground  the  black  meter  lead 
to  the  common  ground.    Set  tb%  meter  up  to  read  28  volts  dc. 


c.     With  the  switch  in  the  AUTO  position,  use  the  red  meter 
lead  test  probe  to  take  the  following  voltage  readings.    Use  figure  1 
and  the  one  on  the  trainer  and  take  voltage  readings  at  the  points 
Indicated  in  figure  1.    Record  the  readings  a*  required  in  the  following 
steps. 
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_  volts. 
.  volts. 
.  volts. 
.  volts. 

volts. 

volts. 

volts. 


9% 

C3.  ate.  (1)    TMt  P°intS  are  "entified  by  C.    Example  CI,  C2, 

(2)  Test  point  CI  indicates  

(3)  Test  point  C2  indicates   

(4)  Test  point  C3  indicates   

(5)  Test  point  C4  indicates  _ 

(6)  Test  point  C5  indicates  

(7)  Teat  point  C6  indicates   

(8)  Teat  point  C7  indicates   

Anavara  to  the  above  teat  points  can  be  found  on  page  13. 

this  tt^r^::^  Ts\:v?:tiov  ™u  ^  »•  •« 

tha  cold  ralay  (C5> .    A  voltage  check  to  A?  nf  ^  check  t0  *1  of 

than  on  to  pin  8  of  tha  sicrolos^onJ  /   !         h°C  relay  (C6)  «d 
checkpointable  that  I "HI "S«  ITHwM^f  (C?) '  These 
waiting  to  go  to  work  as  soon  as  there  "a  currfnl  ^r^T  potenti'l 
«d  aithar  relay  ia  energized.  *nt  acr°"  the  ^'"positioner 

•n-^^  checked  is 

chacka.    lt  your  _  3tiU  do*  S^ch?^^^^ 

r;28VWlS  1!^^^^^^  -  OK  from 

am  sa.  •  voit.g.  droP  ^'S^iSStoSpiS  SrV?' 

If  you  concur  with  the  abov.  then  proceed  on  to^h*  n"xt  step 

8.     Now  that  you  have  determined  that  the  circuit-  i*  nir  *  . 
of  tha  bridge,  tha  next  sreps  will  be  in  checking  out  th^  %L    ^  C°P 
Turn  tha  mater  to  Ohma  Range  X  10  and  ze« ,  the  2te£         *****    ±tS&U ' 

a.      Turn  the  temperature  control  switch  tn  "nm  »»    «_  . 
craft  or  any  circuit  that  deala  with  tm£lt.7Z  OFF.     On  the  air- 

will  hava  to  iaolat.  tha  cirtu?        tSSS   ?     J0"'™1  circuits.  vou 
th.  ta-paratura  aanaora,  22  Aa^e^  JTSJf' 

evan  .or.  oy  brLtn'g  JI^ZtS"0^^rllMUt-  * 
raaiatora  on  tha  bridg..    On  tha  aScraf ??ILJ5  8<m80rs  and 

to  unaoldar  aoma  wlrea  or  dlaeoinlH  S  y  U  W°uld  either  ha™ 

controller  £2 ^SJ^ST:^  'f  th'  tanpe^" 
find  that  thia  latter  method  2  nor^S^d  IS   J   Z       itSelf*    You  wil1 
aanaora  and  rhaoatat.  normally  used  to  check  the  various  bridge 


-  ti.  pomt  j2L  2*s  r^^J'S.'SSK  ouThe°s the 

two  Mtar  ractanglaa  that  have  3  nuts  and  jacks  on  each  pUte. 
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(a)    Upon  completion  of  bridge  resistance  checks  be 
eur*  to  replace  the  plugs  or  you  will  be  unable  to  get  bridge  operation. 


(2)    If  you  do  not  isolate  the  bridge  in  this  manner  you 
might  read  resistance  In  another  part  of  the  circuit.    Refer  to  the 
illustration  bolow.    Study  It  carefully »  note  direction  of  mater  current 
by  direction  of  arrows,  the  open  sensor  i resistor)  and  tha  values  of  the 
otUer  resistors. 


***on  m'xcm  anccgg*  or 

•  %\*H  ^MO  Mt  MAO 


Figure  2 


(3)  Note  that  tha  Ohnnaeter  la  placed  across  the  open 
resistor  R-l.    Note  by  the  arrows  that  the  meter  is  actually  t-efe^lng  the 
TOTAL  value  of  R-3,  R~4,  and  R~2.    Remember  that  the  ohsmeter  haslt^  own 
power  source  and  puts  a  small  amount  of  current  through  the  circuit  being 
checlcad.    This  is  necessary  to  set  ne  idle  deflection  on  tha  meter. 

(4)  Referring  again  to  the  illustration,  if  the  electrons 
had  a  choice  to  go  through  a  tremendous  amount  of  resistance  (open  «)  or 
a  small  amount  of  resistance  to  get  to  a  given  point,  which  path  would 
tha  electron  flow?    They  will  flow  through  a  conductive  path  which  will 
allot?  current  to  flow. 
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,v  «•     ?,4»f  tha  illustration  and  tha  checkpoints  listad  or.  pare 

U,  taka  tha  following  raalatanca  reedlngs  on  tha  tralnar  and  racord 
jour  anevere  in  tha  epe.ea  provided.    Indicata  whathar  tha  aeter  indicated 
an  open,  short,  continuity  (0  oho*  on  atraight  run  of  wira)  or  rasiatance 
(Rsslstors  ahould  indicata  raaiatanca.)  .  r««aeance. 


CHECKPOINTS 

CI  to  C3   

(7-  CO  C5   

C6  to  C7   

C7  to  C9   

C9  to  Cll 


Cll  to  C12 
CI"  to  C13 
C14  to  C15 
C15  to  C16 
C16  to  CI 


•  •HOUND 

few 


Figure  3. 


Tha  correct  response*  for  the  above  can  be  found  on  page  13 
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d.     The  only  thing  left  to  check  it  the  path  across  the  bridge 
end  the  hot  end  cold  relay  circuits. 


(1)    Refer  to  figure  4  end  cake  the  following  resistence 
readings  at  the  checkpoints  Indicated.    Indicate  If  it  hae  continuity, 
resistence,  ie  shorted »  or  open. 


C-I7  »-o  018  . 

0-19  to  C-20  . 

C-18  to  C-19  n   # 

The  correct  response  for  the  above  can  be  found  on  page  13. 

s.     Between  points  C-19  aud  C-20  the  ohmmeter  indicated 
infinity  (•) .    Thie  ehowe  that  the  path  for  current  to  flow  from  A  to 
B  ie  Interrupted  at  thie  point.  *No  current  can  flow  acroee  the  micro- 
positioner  coil,  therefore,  neither  the  hot  nor  cold  relay  can  work. 
The  teaperature  control  valva  will  remain  in  its  LAST  position. 

(1)    By  u<<ing  this  step-by-step  procedure  the  problem  has 
bam  located  without  too  much  difficulty.    Rememler  to  use  these  procedures 
when  checking  other  malfunctions. 

Notet    The  only  unite  In  the  automatic  circuit  that  were  not  checked 
were  the  hot  and  cold  relay  circuits  and  ths  ground  for  the  relays. 
At  thie  point  if  you  suspected  a  problem  m  either  relay  you  should 
be  able  to  check  it  out  by  using  the  voltmeter  from  point-to-point. 
Remember,  if  you  still  have  not  located  any  troublee  by  the  time 
that  you  reach  checkpoint  C20  then  more  than  likely  you  do  have  a 
relay  problem*   When  checking  the  bridge  ground,  motor  ground,  or 
rel&y  grounds,  turn  the  power  on  with  both  ieolation  tie  point  jacks 
Installed  and  measure  the  DC  voltage  on  ground.    The  DC  meter  should 
indicate  "0"  volte  for  good  grounde  and  a  voltage  reading  for  an 
open  ground. 
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Correct  responses  for  flgurt  1: 

CI  •  26  ±  4V  DC 

C2  -  26  +  4V  DC 

C3  •  ?0  to  25  volts  DC 

C4  •  20  to  25  volts  DC 

C5  •  26  +  4V  DC 

C6  •  26  ♦  4V  DC 

C7  •  26  +  4V  DC 
Correct  responses  for  figure  3: 

CI  to  C3  *  Resistance. 

C3  to  C5  -  Resistance. 

C6  to  C7  -  Continuity. 

C7  to  C9  -  Resistance 

C9  to  Cll  -  Continuity. 

Cll  to  C12  -  Resistance. 

C12  to  C13  -  Continuity, 

C14  to  C15  -  Continuity. 

CIS  to  Clf  -  Resistance. 

C16  to  Cl    -  Continuity. 

If  your  snswers  do  not  agree  with  those  above,  recheck  at  the  different 
checkpoints*    If  your  wavers  still  do  not  agree,  notify  the  instructor. 
Up  to  this  point  all  the  circuits  tnat  have  been  checked  indicate  that  they 
are  GOOD. 

Correct  responses  for  figure  4: 

C-17  to  C-  18         Continuity  . 

C-19  to  C-20  Open  . 

C-18  to  C-19  Resistance 
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f .     You  are  now  ready  to  do  two  more  practice  problems  on  your 
own*    Use  the  space  provided  to  record  your  findings.    Note  number  #1  has 
bun  don*  for  you*    In  the  malfunction  column  provided,  place  the  letter 
of  the  indicated  malfunction  from  the  list  provided  after  the  exercise. 


Practice 

Problama 

Trouble 

Malfunction 

• 

*  Cause 

# 

Type  of  trouble 
open,  short,  etc. 

Unit  or  wire 
Number 

i 

D 

Open 

B4  B18 

Inatructor' 

a  initial 

Practice  problem  grade 

A. 

No  Manual  Cold 

B. 

No  Manual  Hot 

C. 

No  Operation  (nothing  works) 

D. 

No  Auto 

E. 

Full  Auto  Cold 

F. 

Full  Auto  Hot 

G. 

No  Auto  Cold 

H. 

No  Auto  Hot 

If  yot^r  lab  instructor  signs  off  your  practice  work,  you  will  be 
assigned  your  progress  check  material. 

REMEMBER 1    Check  all  circuits  except  the  bridge  circuit  with  a  volt 
meter.    The  briage  circuit  will  be  check  wj th  an  ohm  meter  only. 
Also  when   you  check  the  bridge  circuit  you  isolate  it  by  pulling 
the  two  mecal  Jacks  jnd  replace  them  upon  starting  a  new  operational 
check. 

PROGRESS  CHECK  INSTRUCTIONS 

This  progress  check  will  require  you  to  correctly  solve  a  minimum  of 
4  out  of  the  5  problems  given.    This  should  be  accomplished  much  in  the 
same  manner  as  the  practice  problems.    The  instructor  will  check  and 
initial  your  work  after  the  5  problems  are  graded  and  passing.    If  you 
have    .seed  more  than  one  (1)  problem  you  will  follow  your  lab  instructor's 
ineti  utlons. 

You  will  not  communicate  (talk,  etc.)  with  *>ther  students  during  the 
progress  check  without  your  lab  instru  ~or's  permission. 

m-3 


m 


You  will  net  use  fellpw  students  work  to  solve  the  problems  in  this 
progress  check* 

Tou  must  satisfactorily  complete  this  progress  chack  before  further 
progression  to  other  lab  troubleshooting  progress  checks* 

Jtote:    If  anjr  part  of  the  answers  (cause  or  malfunction)  to  the 
trouble  switch  I  is  wrong,  the  instructor  will  mark  the  whole  trouhLo 
switch  entry  incorrect.    This  means  YOU  will  have  to  find  what  part 
or  parts  to  the  cause  or  malfunction  is  incorrect  for  that  trouble 
switch  when  marked  incorrect. 

Student  complete  the  following  (print). 

STUDENT  NAME  

LAST  FIRST 

DATE  PROGRESS  CHECK  STARTED 


PROGRESS  CHECK 


Trouble 

Switch 

# 

i 

Malfunction 

Cause 

Unit  or  Wire 
Number 

Type  of  trouble 
open,  short,  etc*  ! 

i 
l 

i 

Instructor's  initial  Grade   On  complete  progress  check 


A. 

No  Manual  Cold 

B. 

No  Manual  Hot 

C. 

No  Operation  (nothing  works) 

D. 

No  Auto 

E. 

Full  Auto  Cold 

F. 

Full  Auto  Hot 

G. 

No  Auto  Cold 

H. 

Nc  Auto  Hot 
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tt  you  hm  satisfactorily  completed  the  progrese  check,  store  your 
MltlMMr  tad  trainer  la  tho  following  way. 

1.  Pull  out  oil  tho  circuit  breakers.    (If  any.) 

2.  Place  tho  control  owitch  in  tho  OFF  position. 

3.  Place  oil  trouble  svltchoo  toggles  to  the  OFF  position. 

4.  Insure  oil  your  training  literature,  pencils,  etc.  ore  taken 
with  you  when  you  leave  the  lab. 

5.  Insure  your  trsinsr  and  the  area  around  it  is  dean  before  you 
leave  the  lab. 

6o     Properly  store  and  sign  in  your  multimeter  before  you  leave  the 

lab. 

7#     Check  with  the  lab  ins true tor  before  you  leave  the  labo 
IVotet    Did  you  leave  your  multimeter  sat  on  OHMS? 
If  you  have,  go  back  and  change  it. 


urn 

16 


PROGRAMMED  TEXT     3ABR42331  -  PT-123 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


ALTERNATING  CURRENT 


13  January  1972 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 


This  supersedes  PT  3ABR42231-PT-113B,  3  December  1969. 
OPR:  TDAM 
DISTRIBUTION :  X 

TDAM  -  750 ;  TTOC  -  2 


Designed  For  ATC  Course  Use 

00  MOT  USB  ON  THt  JOB 


ERIC 


FOREWORD 


This  Programmed  Text  was  prepared  for  use  in  the  3ABR42231  instructional 
system.    The  material  contained  herein  has  been  validated  using  thirty  42010 
students  enrolled  in  the  3ABR42231  course.    Ninety  percent  of  the  students 
taking  this  text  surpassed  the  criterion  called  for  in  the  approved  lesson 
objective.    The  average  student  required  (28)  minutes  to  complete  the  text. 

OBJECTIVES 

After  having  completed  this  Programmed  Instructional  Package,  the  student 
will  be  able  to: 

1.  Plot  an  AC  sine  wave. 

2.  Label  the  components  of  an  AC  sine  wave. 

3.  Determine  the  frequency. 

4.  Label  the  peak  and  effective  voltages. 


INSTRUCTIONS 

This  program  presents  information  in  small  steps  called  "Frames.  "  After 
reading  the  information  in  each  Frame,  you  are  asked  to  select  an  answer  or 
make  an  entry  that  shows  you  understand  the  "information"  in  that  Frame. 
You  may  write  your  answer  in  this  booklet.    You  may  check  the  accuracy  of 
your  answers  by  looking  on  the  next  page. 


W4 


Frame  I 


ALTERNATING  CURRENT 


Alternating  current  and  direct  current  are  the  two  main  forms  of  elec- 
trical power  known  to  man  today.    You  have  already  been  introduced  to  direct 
current  and  to  the  method  of  producing  it.    In  this  unit  of  instruction  we  will 
deal  almost  exclusively  with  alternating  current. 

Alternating  current  is  produced  by  the  mechanical  method.    Both  the 
alternating  current  generator  and  the  direct  current  generator  use  the  same 
principles  of  magnetism  to  produce  a  voltage.    Both  types  of  generators  must 
have  conductors*  a  magnetic  field,  and  relative  motion  between  the  two.  The 
difference  in  the  type  of  output  is  controlled  only  by  the  internal  parts  of  the 
generators. 


No  response,  go  on  to  the  next  page 


i 
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Frame  2 


An  AC  generator  has  a  conductor  (actually  many  conductors)  which 
rotates  in  a  magnetic  field.    The  diagram  below  shows  a  very  basic  AC 
generator,  with  a  one  wire  conductor.    Notice  that  the  conductor  is  in 
the  form  of  a  loop,  with  a  pivot  point  midway  in  the  loop. 


When  one  side  of  the  loop  is  traveling  up,  the  other  side  is  moving  down. 
The  voltage  buildup  on  one  side  of  the  loop  always  aids  the  vcH&ge  buildup 
on  the  other  side.    Since  this  is  so,  we  will  use  only  one  of  the  conductors 
in  the  looo  to  explain  how  an  AC  voltage  is  produced.    The  diagram  below 
represents  this  conductor  in  a  magnetic  field.    (End  view)    If  the  conductor 
in  rotated  in  a  circle  (represented  by  the  dotted  line)  it  will  first  cut  across 
the  magnetic  lines  of  flvx  in  one  direction  fright  to  left).    Then  it  will  cross 
the  flux  lines  in  the  opposite  direction  (left  to  right).    This  causes  current 
to  flow  first  in  one  direction  in  the  conductor,  and  then  in  the  opposite  direc ; 


No  response,  turn  to  the  next  page 


Frame  3 

A  tine  wave  is  commonly  used  to  represent  this  alternating  cvrrent 
in  a  circuit.    The  next  few  pages  in  this  program  will  teach  you  how  this 
sine  wave  is  developed  and  the  terms  used  with  it. 

Let's  start  with  the  terms  used  when  plotting  a  sine  wave.    The  two 
Holid  lines  in  the  diagram  below  are  reference  lines.    In  order  to  show  how 
much  voltage  the  generator  is  producing*  the  vertical  line  called  an 
"Amplitude"  line  is  used.    This  line  is  sometimes  marked  with  numbers  to 
represent  specific  voltage  or  current  values. 

5t 

4  - 

3«» 
2" 


0 


Z" 

3-  - 

4-  - 
5- 


Draw  an  arrow  pointing  to  the  amplitude  line  in  the  diagram  above. 
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Answer  to  Frame  3: 


rami 


The  horizontal  reference  line  has  two  names.   It  fan  either  be 
called  a  "0M  (sero)  reference  line  or  a  "time"  reference  line,  for  it 
represents  both  mero  voltage  and  time. 


Label  the  reference  lines  in  the  diagram  below. 


0*s 


Answer  to  Frame  4: 


AMPUTUOI  KIMftfNCf  UNI 


TtMl  ICFIMnCI  UNI 
OlsZflO  KfMllNC!  UNI 


Frame  5 


Now  let'r  combine  the  basic  generator  (one  conductor)  and  the  reference 
lines  to  show  how  a  sine  wave  is  produced. 

In  the  diagram  below,  the  basic  AC  generator  is  producing  no  voltage. 
The  conductor  is  moving  parallel  to  the  magnetic  lines  of  flux  at  this  instant, 
and  therefore  is  not  cutting  across  any  lin.s.    The  "0"  voltage  produced  at 
this  time  is  represented  by  a  dot  on  the  zero  reference  line. 


Draw  an  arrow  to  the  "0"  reference  line  in  the  diagram  above. 


5 
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Ana  war  to  Frame  5: 


z 


Frame  6 


As  the  conductor  rotates  from  the  starting  poirt  'chrough  22  1/2  of 
a  complete  circle,  it  begins  to  cut  across  lines  of  magnetic  flux. 


'      JO*       W  . 


/ 

jr  no" 
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This  produces  a  voltage  in  the  conductor.    The  amount  of  voltage  at  this 
time  is  small,  but  it  is  building  toward  the  maximum  vo*tage  the  generator 
will  produce.    This  small  amount  of  voltage  is  sho'vn  on  our  reference 
lines  by  a  rising  line.    {Tha  start  of  our  sine  wave.)   As  the  conductor 
continues  to  rotate,  it  ckIs  across  more  lines  of  flux  and  produces  a 
highe*  voJ  age. 


SIC  see      SK        see  SIC 
o 

In  the*  diagram  above,  the  conductor  has  traveled  45  of  a  circie,  and  the 
voltage  shown  on  the  reference  lines  has  risen  higher. 


What  is  the  voltage  at  this  time?  __  

How  lenp  has  it  taken  for  this  voltage  buildup? 
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Anawers  tor  Frame  6:  7  volta 

1/8  second 


Frame  7 

The  conductor  continues  to  rotate  unitl  it  reaches  90°,    (One  quarter  of 
a  circle. )   At  this  time  the  conductor  is  cutting  a  maximum  number  of  flux 
lines  and  producing  maximum  voltage. 


On  the  reference  lines  above,  we  have  shown  the  voltage  sine  wave  at  it* 
maximum  height.    Circle  the  letter  be*ore  the  coraect  answer 

I       What  is  the  maximum  voltage  this  generator  is  producing? 
a.       6  volt, 
b        8  volts 
10  volts 
d      12  volts 


2.     How  long  did  it  take  to  produce  this  peak  (maximum)  voltage7 
a.      1/8  second 
b      1/4  second 
c      1/2  second 
d.      3/H  second 


How  many  degrees  did  the  conductor  travel  to  produce  thi->  maximum 
voltage  ? 

a.  45° 

b.  90° 

c.  180° 
d  270° 

At  what  point  on  the  time  reference  line  13  maximum  voltage  shuwii1 

a.  45 

b.  90° 

c.  180° 

o 

d.  270 


7 
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Answer*  to  Frame  7. 


1.  c 

2.  b 

3.  b 

4.  b 


Frame  8 


A*  the  conductor  continues  to  rotate  to  180   of  a  circle  it  cuts  fewer 
and  fewer  flux  lines,  until  it  is  finally  traveling  parallel  with  the  flux 
lines  again,  cutting  "0"  lines  of  force,  and  producing  zero  voltage. 


Complete  the  portion  of  the  sine  wave  on  the  reference  lines  above  to  show 
the  drop  of  voltage  to  aero  volts  at  180 


8 


Answers  to  Frame  S: 


to 


1 


The  sine  wave  must  be  drawn  so 
that  it  covers  the  corners  where  the 
graph  lin*4  cross. 


♦0"         110         270  360 


Frame  9 

o  o 

When  the  conductor  has  moved  from  0    to  180    in  a  circle  it  has  completed 
one  alternation  (one  rise  and  fail  of  voltage  from  zero  to  maximum  and 
back  to  zero  volts).    When  the  sine  wave  for  one  alternation  is  arawn  above 
the  zero  reference  line,  it  always  indicates  a  positive  (+)  alternation.  Plot 
a  sine  wave  on  the  reference  lines  below,  showing  one  complete  positive 
alternation  of  voltage. 


90°         HO'        770"  3d0' 


9 

10  IK 


Answers  to  Frame  9: 


to 


lliUllllll 


90*      HO*  1«0* 


Franco  10 

When  the  rotating  conductor  completes  the  entire  circle  it  first  moves 
through  the  flux  field  in  one  direction,  (0q  to  180q)  and  then  cuts  across  the 
flux  field  in  the  opposite  direction.    (180   to  360  )  This  i*  one  complete 
cycle  (a  complete  sequence  of  events),  for  the  conductor  is  now  back  at  "0" 
degrees  of  the  circle,  and  starting  on  the  second  cycle.    The  first  half  of 
this  cycle  produced  a  positive  alternation.    The  last  half  of  the  cycle 
produces  a  negative  alternation.    (A  reverse  in  the  direction  of  induced 
EMF. )  This  negative  voltage  buildup  and  collapse  is  always  drawn  below 
the  zero  reference  line. 


T  1 

1TC  160 


I     4        1    }        J    *  I 

SIC     S(C     stc  stc 


1 . 

2. 
3 
4 

5. 

6. 
7. 


How  long  did  it  take  for  one  complete  cycle?  

How  long  did  it  take  for  one  complete  alternation?  

How  many  positive  volts  did  the  generator  produce?  

How  many  negative  volts  did  the  generator  produce?   

Would  it  be  possible  to  produce  more  negative  voltage  than  positive 
voltage  with  this  generator?   _ 

At  what  point  on  the  graph  is  maximum  negative  voltage  shown  

Al  what  points  on  the  graph  areo"0"  voltages  shown?   5 

 and  • 

10 
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Answers  to  Frame  10:      1.     1  second    2«     1/2  second    3.  10V 
4.  10V 


5.        no       6.     270      7.    0,  180,  360 


Frame  11 


Plot  *  »ine  wave  on  the  graph  below,  showing  one  complete  cycle  of  AC 
voltage.    Label  each  alternation  as  Positive  or  Negative. 


0  ?0#        110°       770*  360« 


Label  each  of  the  following  on  the  sine  wave  below. 

Zero  reference  line  \if 
Time  reference  line 
Amplitude  reference  line 
One  complete  positive  alternation 
One  complete  negative  alternation 
One  complete  cycle 


Label  each  of  the  following  points  on  the  sine  wave  below. 

180 
270° 
360° 


11 
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Answers  to  Frame  11: 


Frame  12 


-/■ 

V  

■*+■ 

1 

+  Pos 

\ 

)      -  Neg 

s 

/ 

t  — 

0  90  110         770  3*0 


a  HO9 


270" 


m 

Frame  13 


As  you  have  seen,  the  generation  of  an  AC  voltage  produces  a  sine  wave 
that  is  constantly  changing  in  amplitude  and  periodically  changing  in  direc- 
tion.   The  voltage  is  always  rising  or  falling,  and  twice  per  cycle  is  at  zero 
volts.    Therefore,  the  amount  of  work  a  peak  AC  voltage  can  do  is  not  equal 
to  the  amount  of  work  an  equivalent  DC  voltage  can  do.    An  AC  voltage  which 
reaches  a  maximum  peak  of  10  volts  will  do  the  same  amount  of  work  as  7.  07 
volts  of  DC. 

Therefore,  if  we  are  referring  to  the  effective  voltage  of  an  AC  circuit 
it  is  only  about  70%  effective.    It  will  only  be  .  707  of  the  peak  voltage. 

Which  of  the  lines  across  the  positive  alternation  below  recresents  effective 
voltage?    (Circle  the  letter  before  the  correct  line) 


13 


Answer  to  Frame  13: 


c 


Frame  14 

Unless  otherwise  specified,  all  AC  meters  are  calibrated  to  read  the 
effective  voltage  of  a  circuit.    The  actual  peak  voltage  will  be  higher  than 
what  your  meter  reads.    There  may  be  times  when  you  will  find  it  necessary 
to  determine  peak  voltage.    This  can  be  done  in  one  of  two  ways.  Either 
divide  the  effective  voltage  by  .  707  or  multiply  by  1.  414.  Example: 


 141. 4  100 

707  /     100. 000  1- 414 

707  400 
2930  100 
2828  400 
1020  100 
707  141.4 
3130 


You  will  find  these  numbers  in  almost  any  book  on  electricity,  if  you  need 
them,  so  we  don't  expect  you  to  memorize  them. 

i.     AC  meters  (unless  otherwise  specified)  are  always  calibrated  to  read 

a.  amperage  voltage. 

b.  instantaneous  voltage. 

c.  effective  voltage 
d      peak  voltage 


14 


Answers  to  Frame  14: 


IOO0 


Frame  15 

When  our  simple  generator  is  turning  at  a  speed  of  one  revolution  per 
second,  it  is  producing  one  complete  cycle  per  second  (CPS).  Another 
term  for  cycles  per  second  (CPS)  is  Hertz.    The  number  of  cycles  per 
second  (Hertz)  is  called  frequency.    If  the  speed  of  the  generator  rotation 
were  increased  to  5  revolutions  per  second,  the  frequency  of  the  output 
would  then  be  5  cps  (Kertz).    Frequency  is  always  measured  by  the  number 
of  complete  cycles  in  each  second.    The  sine  wave  for  5  cps  (Hert2)  would 
look  like  this: 


What  is  the  frequency  of  the  sine  wave  below? 


b. 


2  cps 
4  cps 

c.  8  cps 

d.  16  cps 


?  SEC 


Frequency  is  always  measured  in  cycles  per:    (Circle  the  correct  letter) 

a.  Microsecond. 

b.  Second. 

c.  Minute. 

d.  Hour. 


ERLC 
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Anawcr*  to  Frame  15: 


4  cps 


b. 


You  have  now  completed  this  program.    Please  inform  your  instructor 
that  you  have  completed  the  text. 
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ZO REWORD 

This  programed  text  vu  prepared  for  um  in  the  3ABR42231  Inetruc- 
tiomel  Syetem.   The  material  herein  hat  been  validated  ueing  thirty- 
liVtt  42010  students  enrolled  la  the  3AIR42231  court*.    Ninety  percent 
of  tht  students  taking  this  text  surpassed  the  criterion  called  for 
in  the  approved  lesson  objactiva.    Tha  average  atudant  required  24 
ainutaa  to  complete  tha  text.    Tha  student  will  demonstrate  hia  knowledge 
of  the  objectivee  by  answering  quaationa  to  «n  accuracy  of  70X, 

OBJECTIVES 

Whan  yoi*  have  completed  this  programed  text,  you  will  be  able 

to: 

1.  Describe  hw  capacitors  are  constructed. 

2.  Describe  how  capacitors  stora  an  electrical  charge. 

3.  Explain  tha  capacitor's  ability  to  oppose  any  change  in 
voltage. 

4.  Explain  the  capacitor's  ability  to  cause  current  to  lead 
voltage  in  a  circuit. 

INSTRUCTIONS 

This  program  presents  information  in  small  steps  called  "frames." 
After  reading  each  frame,  you  are  ssked  to  select  an  answer  or  make 
an  entry  that  shows  that  you  understand  the  information  in  th^t  frame; 
do  so  by  writing  your  answer  in  the  response  sheet.    Do  not  mark 
in  this  text.    You  may  check  the  accuracy  of  your  response  by  checking 
correct  responses  at  tha  top  of  every  even  numbered  page. 


You  have  learned  about  electron  flow  In  a  previoua  text.  At 
thia  point,  lata  aaa  how  a  capacitor  would  affact  thla  flow.  To 
a  tart  with  lata  anawar  ±m  queetion,    '"what  la  a  capacitor?"  A 
#lmple  definition  of  a  capacitor  la:    "an  electrical  device  capabla 
of  storing  electrit*!  energy."   It  would  ba  quite  poaaibla  at  thie 
time  to  confuaa  thla  definition  with  tha  definition  of  a  batt»ry, 
however,  thara  la  a  aaaantlal  diffaranca  batwaan  tha  two.    A  battery 
la  a  chemical  generator  which  produce*  alactrical  anargy  aa  a  product 
of  chemical  activity.    A  capacitor  la  a  storage  device  (not  a  gener- 
ator) which  atoraa  alactrona. 


GIASS  JAR 


Figura  1  above,  illuatrataa  a  glaaa  jar,  two  conductora  and  a 
battary.    The  inaida  and  outside  of  tha  glees  jar  la  wrapped  with 
copper  foil.    The  poaiti/a  tansinal  of  tha  battary  la  connected  to 
tha  inaida  place  of  foil.    While  tha  negative  terminal  la  connected 
to  the  outalda  place  of  foil.    There  la  no  connection  between  the 
two  conductora  as  the  glaaa  jar  separates  than.    It  inaulatae  the 
Inaida  and  outalda  copper  foil  from  one  another.    We  now  have  the 
three  eoaentlal  parte  or  any  capacitor;  two  conductora,  and  an 
inaulator.    Bach  of  theae  three  perta  haa  a  specific  name.  The 
conductor  (inaida  foil)  connected  to  the  poeitive  poet  of  the  battery 
ia  called  tha  anode.    The  conductor  (outalda  foil)  connected  to  the 
negative  poat,  i.  called  the  cathode.    The  insulator  (slaae  1ar) 
ia  called  the  dielectric. 

Anawar  each  of  the  following  statements  either  true  (T)  or  falee  (?) . 

 1.     The  inaulating  materxal  in  a  capacitor  ia  called  a  dielectric. 

 2.     A  oapacitor  ia  a  electrical  device  capable  of  etoring 

electrical  energy. 

 _3.     Tha  glass  jar  used  la  figure  1  would  be  an  example  of  a 

conductor. 

 4.      The  foil  uaed  in  figure  i  would  be  an  example  of  a  inaulator. 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  2. 


1 

1026 


loof 

Correct  Heeponsee  to  Frame  1:    1.    T,    2.    T,    3.    F,    4.  f, 
Fraat  2 

Now  that  ve  have  established  that  there  is  no  electrical  con- 
nection between  the  two  ajpductors,  (or  plates  as  they  are  sometimes 
called)  lets  see  how  the  electrons  f  aw.    The  electrons  in  the  nes*~ 
tive  plate  went  to  pass  through  che  dielectric  to  the  positive  plate. 
Thus,  ve  can  say  that  a  potential  exists  between  the  two  plates. 
The  el^ptrons  tend  to  accumulate  on  the  negative  plate  (see  figure  2A 
below).    If  we  disconnect  the  battery,  electrons  will  b»  trapped 
cm  the  surface  of  the  negative  plate  (see  figure  2B  beluw^ .  Nov 
if  we  touch  thy  leads  connected  to  the  plates,  the  electrons  will 
have  a  way  no  jeach  the  positive  plate  (see  figure  2C  below) Since 
electron  movement  will  be  virtually  instantaneous,  a  spark  will  be 
produced. 


Figure  2A.  Figure  2B.  Figure  2C. 


If  the  capacitor  is  removed  from  the  circuit  vhil£  still  charged, 
we  would  have  the  equivalent  of  a  small  battery.    It  would  not  be 
a  very  useful  battery  however.    For  as  soon  as  it  was  connected  to 
a  circuit,  the  electrons  would  leave  the  negative  plate  and  attempt 
to  reach  the  positive  plate.    Once  this  has  occurred,  the  capacitor 
is  discharged.    Then  the  plates  of  the  capacitor  become  two  pieces 
of  neutral  metal.    As  the  capacito    discharge*  rhrough  the  circuit, 
it  momentarily  supplied  a  voltage,    fhis  voltige  is  almost  as  high 
as  the  original  battery  /oltage  due  to  the  electron  build  up. 
I 

indicate  ^he  letter  of  the  correct  response  to4  each  of  the  following 
statements x  /  '  \ 

1       When  a,  charged  capacitor  is  removed  from  a  circuit,  it  will 

a.  Immediately  charge.  { 

b.  inrmediately  discharge. 


c.      retain  its  electrical  charge. 


Fraaa  2  (Cont'd) 

2*     A  capacitor  diachargaa  with  a  voitaga  that  la 
a.     alightly  hlghar  than  tfia  appliad  vcltaga. 
b«      alightly  lover  than  tha  apFlie  "jitage. 
c.      jquai  to  tha  applied  voltag*. 
SEE  TOP  OP  PAGE  4  FOR  CORRECT  RESPONSES . 
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Correct  Responses  to  frame  2:    1.    c,    2.  b. 
Frame  3 

The  r^ount  *t  charge  that  a  capacitor  can  hold  depends  upon 
how  it  la  constructed.    This  capacity  for  storing  energy  in  an  electric 
field  ia  called  capacitance .    Three  separate  physical  properties  deter- 
mine the  amount  of  charge  that  sny  capacitor  is  capable  of  holding. 

1.  Plate  Area  -  The  largar  the  plate  area,  the  more  elactrons 
it  can  hold;  therefore,  it  has  more  capacitance. 

2.  Distance  Between  the  Plates  -  Whan  the  distance  between 
the  platea  ia  increased,  the  capacitance  ir<  deceased  because  the 
greater  distance  between  the  two  plates  reduces  the  attractive  force 
between  them, 

3.  Type  of  Dielectric  -  Electrons  are  easier  to  displace  in 
sons  dielectric  materials  than  they  are  in  other  dielectric  materials . 
The  type  of  dielectric,  therefore,  has  a  direct  bearing  on  th*  capaci- 
tance of  the  capacitor. 

Complete  the  following  statement. 

1.      The  three  physical  properties  that  df "ermine  the  capacitance 
of  a  capacitor  are: 

a.  _     . 


b. 


c. 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGL  6 


loot 

Frame  4 

Capacitors  Arm  tff acted  aor«  by  temperature  than  by  any  other 
envirotaental  conditions,  except  hueidlty.    This  is  beeeuee  capacitors 
ere  electricel  devices  end  they  store  electrons.    As  the  tempersture 
increases,  »le.;troo  activity  increases  end  as  temperature  decreases 
electron  activity  decreases.    Therefore,  when  s  circuit  is  designed 
to  use  s  capscitor,  the  temperature  factor  oust  be  taken  into  consideration. 

NO  RESPONSE  REQUIRED 


CHECK  YOUR  RESPONSE  AT  THE  TOP  OF  PAGE  6. 


Correct  loeponaea  to  Praaa  3:  1.  a.  plat*  area,  b.  die  tan  ce  between 
the  pletaa,    c.    typa  of  dielectric. 

Corract  Beaponae  to  Fraaa  4:    Nona  Required. 

Txmm  5 

4  capacitor  haa  tha  ability  to  oppoaa  any  change  in  voltaga. 
To  explain  thia  mora  dearly,  lata  connact  a  capacitor  in  parallel 
vith  a  raaiator  in  a  circuit.    Tha  aynbol  aoat  cooaonly  uaad  to 

rapreeent  a  capacitor  ia  -H  ( —  •  ^Poeitive  H  »      Negative  ( —  ) 


When  tha  witch  ia  cloaed  in  the  circuit  above,  voltage  cause* 
current  to  flow  through  the  raaiator.    Full  voltage  ia  applied  acroaa 
both  tha  raaiator  and  tha  capacitor.    The  capacitor  ia  being  charged 
at  the  a ana  tine  that  current  atarta  flowing  through  the  raaiator. 
Whan  the  c*  pad  tor  haa  been  fully  charged  (to  a  voltage  almoat  aa 
nigh  ks  the  battery  voltaga)  ,  there  will  no  longer  be  a  flow  of 
electrone  to  the  negative  plate  *>£  "he  capacitor.    Not  all  tha  electron 
flow  will  be  through  the  raaiator.    (Thi»  applies  to  a  DC  circuit 
only . ) 

Indicate  the  letter  of  the  correct  response  to  each  of  the  following 
statesente. 

1.  A  capacitor  haa  the  ability  to  oppose  changes  in 

ft  •  CUttBUC     f  XUW  • 

b .  voltage. 

c.  frequency  * 
d*  resistance. 

2.  — ~- -|  ^  is  the  symrol  for 

a.  a  capacitor, 

b.  an  inductor. 

c.  reactance. 

d .  impedance . 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  8. 
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When  the  twitch  la  the  circuit  below  la  op«ned,  aft»r  the  capacitor 
haa  ba«a  charged,  tha  battery  voltege  ia  removed  from  tha  cJrcuit. 
Voltaga  acroaa  tha  raaiator  la  not  raaovad  though,  bacauaa  of  tha 
chars*  on  tha  capacitor.    Tha  capacitor  diachargaa  acroaa  tha  raaiator 
keeping  tha  voltaga  appliad  for  a  vary  ahort  time.    Tha  capacitor 
acting  Ilka  a  battary,  oppoaaa  tha  dacraaaa  (changa)  of  voltaga  acroaa 
tha  raaiator.    Thia  circuit        uaad  for  demons t ration  purpoaaa  only. 
A  capacitor  ia  not  naadad  to  keep  tha  voltaga  constant  acroaa  tha 
raaiator  bacauaa  the  battary  voltage  doaa  not  fluctuate. 


Suppoee  wa  naad  a  conatant  voltage  acroaa  a  raaiator,  and  tha 
power  aupply  fluctuataa  fro*  100  volta  to  110  volta.    Would  a  capacitor 
in  thia  type  circuit  help  ua  obtain  a  steady  voltage?    It  certainly 
would!    As  tha  voltage  from  the  aourcs  rices  from  100  to  110  volta, 
tha  capacitor  would  continue  to  charge  to  the  higher  voltage.  How 
whan  the  applied  voltaga  drops  back  to  100  volts,  uie  capacitor  dia- 
chargaa electrons  through  the  reels tor.    This  action  helps  stabilise 
the  voltage  seres s  the  raaiator. 


r 

>OWU 

sumt 

J 

Answer  esch  of  the  following  statements  either  true  (T)  or  fslse  (F) . 


1. 


2. 


The  cepecitor  in  the  above  circuit  charges  when  the  spplisd 
voltage  increases. 

The  capacitor  dischsrges  through  the  resistor  when  the 
epplled  voltsge  decreases. 

 3.      Fluctustions  in  applied  v^.cage  are  not  opposed  by  the- 

capacitor. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  8. 
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Correct  Itipooau  to  Frame  5:    1.    b,    2.  a. 
Correct  liipooiu  to  Frm  6:    1.    T,    2.    T,    3*  F. 
fxmm  7 

A  capacitor  in  a  circuit  causes  currant  to  lead  tha  voltage. 
That  is,  the  capacitor  caueee  a  shift  in  phasing  between  the  c  rrent 
and  voltage.    This  shifting  action  can  be  explained  with  the  circuit 


Before  the  switch  in  this  circuit  is  closed,  the  capacitor  hat 
a  neutral  charge.    In  other  words,  its  voltage  is  zero.    As  *oon  as 
the  switch  is  dosed,  the  12  volts  from  the  battery  causes  a 
flow  of  current.    As  the  current  flow  continues,  the  voltage  at  title 
capacitor  increases.    As  the  charge  of  the  capacitor  builds  up,  the 
difference  in  ^tential  between  the  battery  end  capacitor  plates  becomes 
less.    This  causes  a  progressively  decreasing  current  flow.  When 
the  capacitor  is  fully  charged  (maximum  voltaga) ,  the  current  flow 
will  stop  completely  (minimum  current)* 

The  graph  shows  the  voltage-current  relationship  at  the  capacitor 
during  the  charging  t  jds.    The  vertical  line  at  the  left  of  the  graph 
rsireeeuts  the  voltage-current  condition  in  the  capacitor  at  the 
iiu  tant  the  switch  is  closed.    The  current  (electron)  flow  is  at 
max  javm,  and  the  voltage  is  at  minimum.    As  the  voltage  increases, 
the  current  flow  decreases.    When  the  voltage  has  reached  maximum 
(nea*  12  volts),  the  current  flow  has  dropped  to  zero.    If  we  com- 
pare v  <s  action  with  one-half  cycle  In  an  AC  circuit ,  we  can  see 
that  t  *  capacitor  causes  the  current  to  lead  the  voltage. 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (F)  . 


At  the  time  that  the  capacitor  is  fully  charged  (maximum 
voltage)  the  current  flew  is  also  maximum. 

The  caDACifor  causes  current  to  lead  the  voltage  in  the 
circuit. 

At  the  instant  that  the  capacitor  is  starting  to  charge, 
the  current  will  be  at  maximum. 


end  graph  shown  below. 


Vol  tags-Current 
Relationship  During  Charging  o*- 
a  Capacitor, 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10. 
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Frame  8 


«c»  If t,m"urM*°t  £-  •  <*P*citor  is  th.  farad.    The  letter 

J\,    u       •y!bo1  of  c«P*cic«ce.    If  one  coulomb  (6.28  x  1018  electrons) 
will  charge  the  cepecitor  to  e  one  -olt  charge,  the  capacitor  he*  cae 
farad  of  capacitance.    The  farad  itaelf  i«  too  large  for  practical 
use.    Therefore,  the  unit  of  aeaaureaent  actually  uaed  ia  microfarad. 
The  microfarad  ia  equal  to  one-millionth  of  a  farad  and  la  abbreviated 
Hi  °r  m.>    The  micromicrofarad  ia  also  uaed.    It  ia  equal  to  one- 
millionth  of  a  microfarad  and  ia  abbreviated  mmfd  or  pjf . 

Moat  capacitors  also  have  a  DC  and  an  AC  voltage  rating  stamped 
on  them.    This  la  to  insure  the  capacitor  will  not  be  uaed  In  a  circuit 
where  its  voltage  limitations  could  be  exceeded.    Other  capacitors 
may  have  color  coding  to  deaignate  the  aize  and  voltage  rating. 

FJxtP  fAm  I  &*L 

AlCTtXC   CAPfiCXTOk  L**^^^^J^^^fiLe&P 


LfAQ ^  _   

COA/0UC7oft 

Fore 

Answer  each  of  the  following  statements  either  true  ~(T)  or  false  (P) . 

 1.     The  units  of  measurement  for  capacitance  are  the  microfarad 

and  the  micromicrofarad. 

 2.     An  abbreviatiou  for  the  microfarad  is  ufd. 

 3.     The  voltage  ratings  stamped  on  the  capacitors  should  be 

observed  when  the  capacitors  are  connected  in  circuits. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10 . 
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Correct  Responses  to  Frame  7:  1.  Ft  2.  Tt  3.  T. 
Correct  Responses  to  Fran*  8:  1.  T,  2.  T,  3.  T. 
Prat  9 

There  ere  many  different  types  of  capacitors.    Let's  briefly 
describe  a  few  different  types  so  that  you  will  be  familiar  vita 
them. 

One  common  type  of  capacitor  is  made  by  placing  a  long,  narrow 
sheet  of  oiled  paper  between  two  similar  sheets  of  tinfoil.  Then 
another  sheet  of  oiled  paper  is  placed  against  the  outside  surface 
of  each  tinfoil  sheet.    These  layers  of  tinfoil  and  paper  are  then 
rolled  up  and  sealed  in  a  cardboard  tube.    Two  terminals  are  connected 
to  the  tinfoil  and  one  extended  to  the  outside  of  the  tube. 

The  amount  of  voltage  that  can  be  applied  to  such  a  capacitor 
depends  upon  the  insulating  ability  of  the  paper  (dielectric)  .  In 
other  words,  the  dielectric  of  a  capacitor  determines  the  highest 
voltage  that  the  capacitor  can  withstand  without  breaking  down.  When 
the  plates  are  charged,  electrons  attempt  to  move  from  the  negative 
plate  to  the  positive  plate.    But,  the  dielectric' prevents  this  from 
happening.    However,  depending  upon  the  applied  voltage  and  the  type 
of  dielectric fs  own  electrons  may  break  loose  and  move  to  the 
positive  plate.    This  reduces  the  efficiency  of  the  capacitor.  There- 
fore, it  la  desirable  to  use  dielectrics  with  high  "electron  hcldiag" 
characteristics.    This  electron-holding  ability  of  a  dielectric  1/i 
indicated  by  a  numerical  value  which  is  called  the  "dielectric  con- 
stant."  The  dielectric  constant  value  compares  the  electron-holding 
quality  of  a  dielectric,  to  a  comparable  insulating  layer  of  dry  air. 
For  example,  a  nonconductor  with  a  dielectric  constant  of  6,  would 
be  6  times  as  good  a  dielectric  as  a  layer  of  air  of  equal  thickness. 

The  higher  the  dielectric  constant,  the  better  the  quality  cf 
th<a  dielectric.    The  dielectric  constant  rating  is  so  important  that 
capacitors  are  classified  by  the  kind  of  dielectric  used.  The 
general  types  of  capacitors,  classified  by  dielectric,  are;  air, 
compressed-gas,  vacuum,  mica,  ceramic,  glass,  oil,  oil-paper,  caster 
oil  paper,  chlorinated  diphenyl« -paper ,  and  wax  paper.    The  castor 
oil  paper  type  of  capacitor  is  one  of  the  better  paper  capacitors. 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (F)  . 

 1.      The  dielectric  of  a  capacitor  determines  the  highest  voltage 

the  capacitor  can  withstand  without  breakdown. 

 2.      Capacitors  are  distinguished  by  the  type  of  dielectric 

they  contain. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  12. 


loiH 

Frame  10 


We  have  previously  stated  that  DC  voltage,  when  applied  to  a 
capacitor,  causes  current  to  flow  only  until  the  capacitor  Is  charged. 
However,  If  an  alternating  (AC)  source  of  power  is  substituted  the 
capacitor  will  act  differently.    Ve  stated  (In  a  previous  text) 
that  one  AC  cycle  would  be  half  positive  and  the  other  half  negative. 
As  shown,  in  the  next  figure,  current  flow  fron.  the  AC  source  will 
alternate.    On  the  firsl  cycle,  Y  would  be  positively  charged,  while 
X  would  receive  a  negative  charge.    On  the  next  cycle,  X  would  receive 
the  positive  charge  and  Y  the  negative  charge.    This  alternation  will 
continue  with  each  cycle.    No  current  will  flow  through  the  Insulator 
(dielectric)  between  the  capacitor  plates.    However,  current  will  flow 
in  the  remainder  of  the  circuit  In  between  cycles.    The  amount  of 
current  flow,  within  the  circuit,  will  increase  if  one  or  more  of 
the  following  occurs:    (1)    The  amount  of  applied  voltage  Is  increased, 
(2)  the  capacitor  Is  replaced  by  a  larger  capacitor,  or  (3)  the  fre- 
quency of  the  applied  voltage  is  increased.    A  capacitor,  for  an  AC 
circuit,  oust  be  carefully  chosen.    The  capacitor  c loaen  must  change 
fast  enough  to  store  the  needed  energy*    Yet,  It  must  discharge  fast 
enough  to  avoid  bucking  the  next  cycle  of  current. 


Answer  each  of  the  following  statements  either  true  (T)  or  false  (?) . 

1.     When  a  capacitor  has  AC  applied  to  it,  the  charge  on  the 
capacitor  constantly  reverses. 

 2.     When  DC  voltage  is  applied  to  a  capacitor,  the  charge  on 

the  capacitor  constantly  reverses. 

 3.      Current  flow  in  the  above  circuit  will  change  if  the  fre- 
quency of  the  applied  voltage  changes. 

CHECK  YOUH  RESPONSES  AT  THE  TOP  OF  PAGE  12. 
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Correct  Response*  to  Fran*  9:    1.    T,    2.  T. 

Corrtct  Responses  to  Frame  10:    1.    T,    2.    F,    3.  T. 

Frame  11 

Capacitance  nay  be  compared  to  the  elasticity,  (springnaee)  of 
a  punching  bag.    Before  tha  blow  Is  delivered,  tha  bag  can  ba  con- 
sidered as  baing  un  char  gad.    Just  aa  a  capacitor  la  said  to  ba  unchargad 
bafora  It  has  baan  connactad  across  a  power  lource. 

Delivery  of  tha  boxer's  punch  causas  tha  punching  bag  to  we 
outward.    Tha  extant  of  movement  depends  upon  tha  force  exerted. 
Similarly,  a  capacitor  accepts  a  charge.    Tha  strength  of  the  charge 
la  determined  by  tha  applied  electrical  energy. 

Tha  punching  bag  raaches  tha  aaximun  distance  it  can  move,  in 
a  given  direction,  because  of  tha  elasticity  of  its  supports.  This 
extreme  distorted  position  represents  stored  energy,  that  fllnfi 
the  bag  backward  with  almost  equal  force.    This  action  may  be  compared 
to  the  action  of  the  energy  stored  within  a  charged  capacitor  which 
la  released  when  the  capacitor  is  discharged.  ~ 

Indicate  the  correct  response  to  the  following  statements. 

1.     The  strength  of  the  capacitor's  charge  is  determined  by  what? 


a* 

Magnetic  field. 

b. 

Circuit  resistance. 

c. 

Applied  electrical  energy. 

d. 

Current • 

When 

is  a  capacitor  said  to  be  uncharged? 

a. 

After  it  has  been  connected  to  an  emf 

b. 

When  it  is  gathering  electrons, 

c . 

Before  an  emf  is  connected  to  it. 

d. 

When  current  is  flowing. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  14. 
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Fran*  12 

Below  are  shown  iom  different  types  of  capacitors  that  are 
used  in  various  circuits.    Study  tha  illustrations  and  become  familiar 
with  thasa  different  types  of  capacitors. 

necTiouTic  camcitoi 

Most  economical  for  AC 
motor  starting  cirruits. 
Used  with  a  centrifugal 
switch. 

I.  MFD  100  VOtT  MINIATUI! 
IMCTIOltTtC  CAJAClTOl 

Most  economical  for  AC 
motor  starting  circuits. 
Used  with  a  centrifugal 
switch/ 


NO  RESPONSE  REQUIRED 
CHECK  YOUR  RESPONSE  AT  THE  TOP  0?  P^.GE  14. 


TUIUIAI  *4MI,CA*ACIT0I 

Has  ability  to  withstand 
high  voltages. 
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Correct  lasponees  to  Frame  11:    1.    c,    2.  c. 

Correct  Response  to  Fran  12:  None  Required,  w 
Ttmm  13 

Answer  each  of  the  following  statements  either  true  (T)  or  false  (?)  . 

1.  The  insulating  materiel  In  a  capacitor  Is  called  a  dielectric. 

2.  The  eize  of  the  plates,  the  distance  between  the  plates, 
and  tixe  type  of  dielectric  determine  the  capacitance  of  a 
capacitor • 

3.  Capacitance  is  measured  in  henries. 

 4.     When  a  char  gad  capacitor  is  removed  from  a  circuit,  it 

immediately  discharges. 

5.  A  capacitor  has  the  ability  to  oppose  any  change  in  voltage. 

6.  A  capacitor  causes  current  to  lead  the  voltage. 

7.  The  voltage  ratings  on  capacitors  need  not  be  observed 
whan  connecting  tha  capacitors  in  AC  circuits. 

 8.     Capacitors  are  distinguished  by  the  type  of  dielectric  they 

contain.  w 

 9.     When  an  AC  voltage  is  applied  to  a  qapacitor,  the  charge 

on  the  capacitor  constantly  reverses. 

 10.     You  should  use  caution  when  working  with  capacitors  because 

of  their  ability  to  store  an  electrical  charge . 


Correct  Responses  to  Frame  13:    1.    T,    2.    T,    3.    F,    4.  p 

6-    *T>    7-    *>    8.    T,    9.    T,    10.  T. 
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FOREWORD 

Thi3  programmed  text     *s  prepares  for  use  in  the  3ABE42231  Instructional  sysuem. 
The  material  contained  herein  has  been  validated  using  thirty-four  42010  students 
enrolled  in  the  3ABRA2231  course.    Ninety  percent  of  the  students  taking  this 
text  sjrpassed  the  criterion  called  for  in  the  approved  lesson  objective  The 
average  student  required  (23)  minutes  tc  complete  the  text.     The  student  will 
demonstrate  his  knowledge  of  the  objectives  by  answering  questions  to  an  iccuracv 
of  75%. 

OBJECTIVES 

After  you  have  completed  this  programmed  teJt  you  will  be  able  to: 

1.  Use  the  left  nand  rule  to  determine  the  direction  a  magnetic  field 
rotates  around  a  conductor. 

2.  Describe  how  EMF  is  induced  into  a  conductor  b>  mutual  induction. 

3.  Dc  cribe  how  EMF  is  induced  into  a  conductor  oy  sel f- induction . 

\        Describe  the  effect  count   r  EMF  ~  is  on  current  flow  in  a  oil 

5.       Describe  the  characteristics  of  a  coil  mat       terra:  es  r  »e   im«      *■  ^c 
its  inductance 

INSTRUCTIONS 

This  program  presents  in f ormatior  in  smaJ 1  steps  called  "frames."  After 
reading  ea:h  step,  yo  -  are  asked  to  complete  a  statement  or  respond  as  directed. 
Use  a  ; icce  of  paper  or  ^  card  as  a  mask  to  cover  the  printed  material,  Slice 
this  mask  down  the  page  'until  you  expose  the  too  of  a  shor*   row  of  slashes 
(/////////////).     One  small  step  is  now  exposed  for  your  viewing.     Re    .  tr  ? 
aaterial  presented  aid  make  your  response  in  the  space(s^  provided.  ^lide 
the  mask  down  and  coimare  your  answer  with  the  correct  ire.     Tf  vju  irn  v-^c. 
read  the  frame  agair  ,   if  you  are  correct,  go  ^  M  t  e  ne>t  :r 


>  i 


lolo 

Frai    ;  1 


When  current  flows  through  a  condu.lc-    a  magnetic  held  is  created  around 
the  conductor.    If  the  current  increases,  the  magnetic  field  expands     T  j 
determine  the  direction  that  the  magnetic  field  is  rotating  a:    i-"1  fl  k  uondumv 
the  left  hand  rule  is  used,    The  left  hand  rule  is  demonstrated  below. 


LEFT    1AND  RULE 

Thumb  Points  In  Direction  of  Current  Flow  and 
Fingers  Show  Direction  of  the  Rotating  Magnetic  Field 

Whenever  the  direction  ot  currert  is  <r-M'n,   t>\e  dire_:ion  ci  tne  r  tm*j 
magnetic  field  can  be  found 

j'A'qeaever  the  direction  of  the  magnetic  tield  1  =■  scr.ov.ri,  ire  direction  zi  "vse 
current  flow  '.an  be  found 

Cir'jrir  tne  letter  or  "lie   'or^ect  respms^  tj         toilo\*  itateme'its 

Which  diagram  ^eiow  -hows  the  correct  direction  ">t   rurrent  tlo'*. 


toll 

Answers  to  Frame  i.    i       £        ~   ,  

Frame  I 

When  two  separate  conductors  are  parallel  to  each  other  (adja.ent)  and  one  hps 
current  flowing  through  it,  an  electromotive  force  is  induced  m  the  adjacent j 
conductor     R.member,  to  create  an  EMF,  mere  must  be  a  conductor,  a 
magnetic  field,  and  relative  motion     The  wies  serve  as  conductors,  a, 
current  flow  increases  through  the  first  conductor  an  expanding  magnetic 
field  is  created  whicn  cuts  across  the  adjacent  {So.  2)  conductor.  ther*u. 
Producing  an  EMF.    When  current  flow  Vn  one  conductor  produces  an  EMI  in| 
another  conductor  it  is  called  mutual  inductance      Bv  using  the  le-t  -.and  rule,. 
we  find  that  the  EMF  «MNT  fs  tuduced  in  the  second  (adjacent  conductor  m 
the  opposite  direction  of  the  applied  EMF 

'(CUCU'.^t 


a»  tr.ese  same  >"*'J  lonductors  trorr  an  end  -ae-.v  i-'..r.t 

onductor  the  wa\  that  the  field  :?  bent 
-.and  indicates  the  induced  EMI   '  ■  oe 


_M  ne  left  hand  around  No  l. 
:nat  trw  thumo  of  your  Le 
s.te  iir 


•  tingf : 
,u  rai 
r.ne 


U  ->n  as  the  applied 


Mi 

Review  the  principle  of  operation  of  a  basic  generator  as  shown  here.  Fol- 
low th%  bent  magnetic  lines  arcund  the  conductor  with  the  fingers  of  your  left 
hand  and  you  see  the  current  is  flowing  into  the  conductor  away  from  you. 


Notice  that  the  conductor  moves  across  the  magnetic  field  in  a  generator, 
but  isn't  the  result  the  same  whether  the  conductor  moves  across  the  field 
or  the  fi$3d  moves  across  a  stationary  conductor^    Either  way  an  EMF  will 
he  produced     Mark  the  following  statements  true  (T)  or  false  (F). 

 i       When  the  conductor  move3  parallel  with  *  *  magnetic  field,  no  EMF 

will  be  produced. 

 Z.     if  a  magnetic  field  moves  across  a  conductor,   an  EMF  will  be 

I  educed, 

_      3       The  EMF  that  a  conductor  induces  into  another  conductor  is  called 
mutual  inductance 


I 


/03L3 


Answers  to  Frame  2;  1 


3. 


Frame  1 

A  single  conductor,  when  wound  into  loops,  can  induce  an  EMF  within  itself 
When  this  occurs,  it  ib  called  self -inductance.    Also,  when  a  conductor  is 
wound  into  loops  to  form  a  cou,  the  strength  of  the  overall  magnetic  field 
greatly  increases     T.ieamount  of  induced  EMF  therefore  would  be  much 
greate  r 


c  J  ft »  e  N  " 


i 

Notice  in  the  1  o  shown  above,  tnat  »  magnetic  lines  inside  tne  loop  aid  j 
eacn  other  ^reate  a  strong  overall  magnetic  field.  Consequent]-/,  when  ; 
many  loops  form  a  coil,  the  self -inductance  would  oe  much  greater  The  let 
ter  symbol  used  to  indicate  inductance  is  "  L  '  You  mav  see  tne  symbol  W 
.ti  diagrams  lo  represent  a  coil  (inductance)  The  i 
inductance  is  tne  'henry 


Circle  the  letter  of  me  cor- set  answer  to  the  toll 
L       Self -inductance  is  a  voltage  produced 
by  a  cnemical  method 
b       in  a  conductor  by  cur1    nt  flow  m  <.r.e  same 
c        n  a  conductor  by  cr    *ent  :lo*  .n  a  uiff*-.ei 
d       bv  mechanical  meant 


of  me  as  ■  ire  rt' eat  tor 


n^  statements 


.  onci  i'_fur 
.  ^  on  "*uc  to 


'he  letter  symbol  isev 


N  ram 


The  amount  .  i  .iiaaL^"  -  1  - 
aic  r eased  bv 

a       forming  ^ucto** 

l^reasinjj  rh^  T ^ ™ 2 f ~  ! ?  t ^ e 
decreasing  trr-  length  of 

:       decreasing  fr^  appli-?^.  -  -- 


conduct j 


ur  "  "i  r:;*5  h  ire 
ner  r% 
fa  [  a*"1 


*  a  r.  <"  * 


ERIC 


Answers  to  Frune  3:  1 .     b      c.     c      3.     a      4.  a 


Frame  4 


loop  NO 
ioo»  no  » 


APU'EO  6** 


INDUCED 


Looking  at  one  expanding  field  as  it  cuts  an  adjacent  conductor,  (as  shown 
i  above)  we  see  that  an  induced  EMF  is  produced  which  opposes  tie  applied 
EMF.    This  action  would  be  multiplied  many  times  over  if  all  the  magnetic 
fields  of  all  the  loops  were  taken  into  consideration.    Upon  further  examina- 
tion, we  can  see  that  the  induced  EMF  would  also  be  created  when  the  mag- 
netic field  collapses,  but  the  induced  EMF  wo\xld  now  be  in  the  opposite 
direction.    A  coil,  therefore,  has  the  ability  to  oppose  any  change  in  current 
flow.    Kotrce  that  when  current  starts  to  increase  in  the  coil,  an  expanding 
magnetic  field  produces  an  induced  EMF  whi^h  opposes  the  buildup  of  cur- 
rent.   If  the  current  in  the  coil  tends  to  decrease,  (as  shown  below)  the  ex- 
panded field  collapses  and  creates  a  counter  EMF  that  would  try  to  keep 
current  flcwin  T  in  the  coil. 


jMark  the  tollowmg  statements  true  (T)  or  false  (F). 

|  1.     x\  coil  has  the  abilitv  t<->  oppose  any  change  in  current  Hew. 

|    2,     The  property  of  a  coil  to  produce  an  induced  EMF  is  called  inductance. 

 j .     A  coil  will  only  oppoee  any  change  in  currcrt  flov/whe^  its  magnetic 

field  is  expanding. 
 4.        nergy  is  stored  in  the  magnetic  field  of  a  coil. 

! 

!  ////// 


Answers  to  Frame  4:  1.     T      2.     T      3.     F      4  T  

Frame  3 

When  an  inductor  is  connected  to  a  source  of  alternating  voltage  to  form  an 
inductive  circuit,  the  current  through  the  inductor  lags  the  voltage  across 
the  inductor.    This  means  that  the  current  does  not  reach  its  maximum 
value  until  after  the  voltage  has  reached  its  maximum  value.    The  cuneat 
lags  the  voltage  in  a  purely  inductive  circuit  by  ^0  . 

Mark  the  following  statements  true  (T)  or  false  (F). 

1.  The  current  in  an  inductor  does  not  reach  its  maximum  value  until 
'  after  the  applied  "oltage  has  reached  maximum. 

2.  In  a  pure  inductive  Circuit,  the  current  lags  tne  soltage  b\  -»0 


/  /  /  /  / 


Answers  to  Frame  5:  1.     T      2.  T 

Frame  6 

Suppose  that  current  is  starting  to  flow  through  a  coil.    The  current  causes 
an  expanding  magnetic  field  which  causes  a  back  EMF  to  be  induced  in  the 
coil.    The  polarity  of  the  back  EMF  is  opposite  to  the  polarity  of  the 
applied  voltage  across  the  coil,  and  it,  therefore,  tends  to  oppose  the 
increase  in  current.    The  result  is  that  the  rise  in  current  flow  is  caused  to 
Lag  behind  the  rise  in  voltage. 


fOlio 


The  illustration  above  shows  that  the  induced  (back^  EMI*  is  always  m  opposi- 
tion to  the  applied  voltage,  thereby  causing  current  to  be  minimum  when  the 
applied  voltage  is  at  its  maximum  value.    Notice  that  current  in  the  coil  does 
not  reach  its  maximum  value  until  the  applied  voltage  has  dropped  to  zero, 
You  can  clearly  sec  that  there  is  90    difference  between  the  applied  EMF  and 
current  flow  in  the  coiL 

/,  /// 

No  Response  Required. 


1 


to7\ 

Frame  7 

As  current  increases  *.*0tt«h.^ 

magnetic  field.    When  tne  appl  ed  vol  age  s  ^  ^  q£  nt 

posiUve,  the  stored  energy      ~/e    „  than  the  current  flow  caused  *y 
flow.    This  current  flow  is  actually  gre 
the  applied  EMF  alone. 

t  th*  aoolied  voltage  occurs,  a  similar  action 
When  the  negative  portion  of  h W g  directl0n  at  the 

takes  place  and  maximum  c  .  rent  wx  ^  ^  maximum  Mgativ, 

instant  that  the  voltage  has  decreased 
direction. 

Mark  the  following  statements  true  (T)  or  talse  (F). 

ranses  an  induced  EMF  that  is 
i       The  applied  voltage  cn  a  coil  causes  an 

 '     out  ot  phase  with  the  applied  vOxtage. 

,  Tne  energv  stored  in  the  magnetic  field  can  cause  a  greater  curr. 
"  ion-  than  the  applied  voltaic  does  alone 


CO 

3 

rrent  ieac 


.13  voltage  bv  *0    in  an  inductor. 


Answers  to  Frame  7:  1.     T      2.     T      3.  F 


Frame  8 

Some  of  the  main  physical  characteristics  of  a  coil  that  determine  the  amount 
of  its  inductance  are: 

1  -    rumber  of  turns  (loops) 

I  -    spacing  of  the  turns 

3  -    type  of  core 

Let's  first  discuss  the  effect  that  the  number  of  turns  has  on  inductance. 

Assume  that  a  coil  has  a  given  number  of  turns  and  is  carrying  a  definite 
amoinf  of  alternating  current.    If  some  turns  are  added  to  the  original  turns, 
the  current  flow  through  the  total  number  of  turns  will  create  a  stronger 
magnetic  field.    Tins  stronger  magnetic  field  will  induce  a  greater  back 
EMF  in  the  original  turns.    In  addition  the  stronger  field  also  cuts  the  added 
turns.    Both  of  these  factors  cause  an  increase  in  inductance.    Look  at  the 
illustration  below  for  a  comparison  of  two  coils  with  different  numbers  of 
turns . 

!  COIL  "A"  COIL  MB,r 

I  TWO  TURNS  FIVE  TURNS 


Circle  the  letter  of  the  correct  response  to  the  following  statements 

i       If  the  amount  of  current  flow  is  the  same  in  the  coils  above,   c  ui 
ip  '  has 

a      less  inductance  than  coil  "A.  ' 

b.     more  inductance  than  coil  "A.  '' 

c       a  weaker  magnetic  field  than  coil  "A.  ' 

d      the  same  strength  magnetic  field  as  coil  'A 

~-      The  inductance  of  a  coil  can  be  increased  bv 

a  decreasing  the  current  flow  tnrough  it. 

b  increasing  the  current  flow  through  it 

e  adding  more  turns, 

d  decreasing  the  number  of  tuns. 

////// 


Answers  to  Frame  8:  1.     b      2.  c 
Frame  9 

There  are  a  number  of  methods  of  winding  coils.    Some  coils  are  wound  so 
that  adjacent  turns  touch  each  other  (Close  Wound).    Others  are  wound  so 
that  there  is  a  certain  amount  of  space  between  adjacent  windings  (Space 
Wound).    The  space  wound  coil  has  less  inductance  than  the  close  wound  coil 
because  the  magnetic  field  has  farther  to  travel  to  cut  an  adjacent  conductor. 
The  third  common  type  is  the  layer  wound  coil  which  has  more  inductance 
than  either  of  the  previously  mentioned  types  since  its  individual  rr  ;netic 
fields  are  more  concentrated  with  respect  to  the  adjacent  turns. 


/o3o 


Frame  10 


The  third  main  factor  that  affects  inductance  is  the  type  of  core  being  used. 
The  inductance  of  a  coil  is  directly  proportional  to  the  permeability  of  the 
core     (Remember  that  permeability  is  the  ease  with  which  a  material  passes 
magnetic  lines  of  force.)   Typical  nonmagnetic  core  coils  are  those  that  are 
wound  on  hollow  porcelain  cylinders  and  hollow  cardboard  cylinders.  The 
core  material  in  these  coils  is  air.    Magnetic -core  coils  are  wound  on  cores 
of  soft  iron.    Since  the  soft  iron  core  is  very  permeable,  it  provides  an  ea*_ 
path  fcr  the  magnetic  lines  and  allows  a  much  stronger  magnetic  field  to 
build  up,    A  greater  back  EMF  is  induced  in  the  iron  core  coil  as  compared 
to  the  air  core  coils. 

Place  the  letter  of  the  statement  in  Column  A  in  the  appropriate  spaces  of 
Column  B. 


Column  A 


Column  B 


A  -  Increases  inductance 


1. 


Removing  the  iron  core  from  a 
coil. 


2. 


Using  close -winding  method  rathe 
than  space -winding. 


B  -  Decreases  inductance 


3. 


Decreasing  the  number  of  turns 
of  the  coil. 


4. 


Winding  the  turns  farther  apart. 


5. 


Winding  the  turns  in  layers. 


6. 


Using  a  soft  iron  core  instead  of 
an  air  core. 


////// 


1  L 


ERIC 
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Answers  to  Frame  10:    1.    B    2.    A    3.    B    4.    B     5.    A    6.  A 


Frame  11 

Familiarize  yourself  with  the  illustrations  of  various  coils  below.  Sometime 
the  word  "choke"  is  used  interchangeably  with  the  word  "coil.  " 


Fix^d  Tuning  Co// 


IAAMMATYQNS 


Alt  GAP 


lominotod  Iron-corn  Coil 


RF  Chofc* 


RADIO  FREQUENCY  COIL 


AIR  CORE  COIL 


W  indir.gs 


Hollow  Card- 
board Cylinder 


COMMON  TYPE  AIR  CORE  COIL 


////// 

No  Response  Required 
12 


1031 

Frame  12 


Marl|  the  following  statements  true  (T)  or  false  (F). 

1 .     The  left  hand  rule  can  be  used  to  determine  the  direction  of  «*  rotating 
magnetic  field  aruond  a  condu^  tor  if  the  direction  of  current  flow  is 
known. 

_    2.     An  inductor  causes  current  to  lag  voltage  by  inducing  a  back  EMF. 

3.     The  EMF  that  a  coil  induces  within  itself  is  calle^  mutual  inductance. 


d.     A  coil  has  the  ability  to  oppose  amy  change  in  current  flow  because 
it  produces  an  induced  HMP  . 

5.  The  ability  of  a  coil  to  produce  an  induced  EMF  is  called  capacitance. 

6.  Inductance  is  measured  in  units  called  henries. 


7.     In  a  pure  inductive  circuit,  the  cur  ^nt  lags  voltage  by  90  . 

_8.     The  current  in  a  coil  does  not  reach  its  maximum  value  until  after 
the  applied  EMF  has  reached  maximum. 

_9.     The  amount  of  inductance  of  a  coil  is  determined  by  its  physical 

character^    ts  such  as  number  of  turns,  spacing  of  turn,  and  type 
of  core  material. 

10.  Energy  is  stored  in  the  expanded  magnetic  field  of  a  coil. 

11.  Coils  having  soft  i   *n  cores  provide  leso  inductance  than  a 
comparable  coil  that  has  a  core  of  air. 

12.  When  energy  that  is  stored  in  the  magnetic  field  of  a  coil  is  returned 
to  the  circuit,  a  greater  current  is  caused  .o  flow  than  can  be 
caused  by  the  applied  EMF  alone. 

////// 


1054 
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Answers  to  Frame  12: 


1.     T  2. 
6.     T  7. 
11.     F  12. 


T 

I 

T 


3. 
8. 


F 

T 


4.  T 
9.  T 


5. 
10. 


F 
T 
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JxtUd7  Guides  and  Workbooks  are  training  publications  authorized  by  Air  Training  Command 
(ATC)  for  student  use  in  ATC  courses. 

The  STUDY  GUIDE  (SG)  presents  the  information  you  need  to  complete  the  unit  of  instruction 
or  makes  assignments  for  you  to  read  in  other  publications  which  contain  the  required 
information. 

The  WORKBOOK  (WB)  dfcgfeiins  work  procedures  designed  to  help  you  achieve  the  learning 
objectives  of  the  unit  of^lnstruction.    Knowledge  acquired  from  using  the  study  guide  will  help 
you  perform  the  missions  or  exercises,  solve  the  problems,  or  answer  questions  presented  in  the 
workbook. 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  materaisl  under  one  cover.  The  . 
two  training  publications  may  be  combined  when  the  7B  is  not  designed  for  you  to  write  in,  or 
when  both  SG  and  WB  are  issued  for  you  to  keep. 

Training  publications  are  designed  for  ATC  use  only.    They  are  updated  as  necessary  for 
training  purposes,  but  are  NOT  to  be  used  on  the  job  as  authoritative  references  in  preference 
to  Technical  Orders  or  other  official  publications. 


FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  3ABR42231  instructional 
system.    The  material  contained  herein  has  been  validated  using  thirty-seven 
42010  students  enrolled  in  the  3ABR42231  course.    Ninety  percent  of  the 
students  taking  this  text  surpassed  the  criterion  called  for  in  the  approved 
lesson  objective.    The  average  student  required  forty  minutes  to  complete 
the  text. 

OBJECTIVE 

After  having  completed  this  programmed  text,  the  student  will  answer 
discrimination  type  questions  on  principles  of  operation  of  AC  motors,  major 
parts  of  an  AC  induction  motor,  and  types  of  AC  motors,  with  a  minimum  0f 
70%  accuracy. 

INSTRUCTIONS 

NOTE:     BEFORE  PROCEEDING,  REMOVE  THE  RESPONSE  SHEET  AT  THE  BACK  OF  fHI<? 
TEXT.     ENTER  YOUR  ANSWERS  ON  THE  REMOVED  RESPONSE  SHEET 

This  programmed  text  presents  information  in  small  steps  called  frames. 
Each  frame  is  followed  by  some  form  of  questioning.     Immediately  after 
reading  each  frame,  you  will  make  the  required  response  in  the  response 
sheet.    DO  NOT  MARK  IN  THE  TEXT.     Check  your  answer  each  time  with  the 
correct  answer  shown  at  the  top  of  each  even  numbered  page.     If  you  have 
made  the  correct  response  go  on  to  the  next  frame-     If  you  have  made  an 
incorrect  response,  reread  the  frame  before  going  on  to  the  next  frame. 
Be  sure  you  understand  the  material  presented  in  each  frame  before 
continuing.     Do  not  hurry! 


ERIC 


/0# 

Frame  1 


Since  alternating  current  (AC)  is  the  most  widely  used  form  of  power, 
most  modern  motors  operate  from  an  AC  source.    There  are  two  general  types 
of  AC  motors  used  on  aircraft.    They  are  called  synchronous  and  induction 
motors.    Either  type  of  motor  may  use  single  or  multiphase  power.  The 
induction  motor  is  more  often  used  because  of  itaf  simple  construction 
and  reliability. 

In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F) 
false . 

1.  Two  types  of  AC  motors  are  induction  and  synchronous. 

2.  Induction  type  AC  motors  use  single  phase  power  only. 
3*     The  induction  motor  is  often  used. 

CHECK  YOUR  RESPONSE  AT  THE  TOP  OF  PAGE  2 

Frame  1 

For  the  purpose  of  this  text  we  will  be  primarily  concerned  with  the 
two  parts  of  an  AC  motor.    The  parts  are  the  ROTOR  and  the  STATOR.  When 
assembled  together  inside  a  case  they  form  an  AC  motor.    It    s  the  action 
of  these  two  parts  that  cause  the  motor  to  operate. 

NO  RESPONSE  REQUIRED 

Frame  3 

The  stator  is  mounted  in  a  fixed  position  inside  the  motor  case.  Although 
the  stator  doesn't  move  its  purpose  in  an  AC  motor  is  to  create  a  rotating 
magnetic  field  for  motor  operation.    The  stator  consists  of  a  laminated  i.cn 
field  pole  assembly  with  insulated  copper  wire  wound  on  the  field  poles. 
The  Field  pole  aasenfcly  is  installed  in  a  housing.    When  power  is  applied  to 
the  STATOR  windings  the  stator  is  said  to  be  EXCITED. 

In  the  response  sheet  maik  the  following  statements  (T)  true  or  (F)  false. 

1.  The  stator  of  an  AC  motor  does  not  move. 

2.  The  stator  creates  a  rotating  magnetic  field. 

3.  The  stator  consists  of  two  copper  poles  and  an  iron  housing. 
CHECK  YOUR  RESPONSE  AT  THE  TOP  OF  PAGE  2. 
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CORRECT  RESPONSES  TO  FRAME  1:    1.  T,    2.  F,    3.  T. 
CORRECT  RESPONSES  To  FRAME  2:    None  Required. 
CORRECT  RESPONSES  TO  FRAME  3:    1.  T,    2.  T,    3.  F. 
Frame  4 

The  ROTOR  is  the  portion  of  the  AC  motor  that  turns.    There  are  two 
types  of  rotors  used  in  AC  motors.    They  are  the  SQUIRREL  CAGE  and  the 
WOUND.    The  squirrel  cage  is  more  often  used  in  environmental  systems  work 
so  ve  will  confine  our  discussion  to  it.     (See  illustration).    The  squirrel 
cage  rotor  has  two  end  platec  made  of  soft  iron,  a  good  conducting  material. 
These  plates  are  connected  together  by  iron  rods  (rotor  conductors).  The 
iron  rods  are  imbedded  in  the  end  plates  to  provide  better  conduction  of  the 
magnetic  lines  of  force.    The  rotor  of  an  induction  motor  does  not  have  any 
electrical  connections.    The  rotor  has  current  flowing  through  it.  Current 
f lowing  In  the  rotor  is  INDUCED  current  from  the  stator.    The  induced  current 
in  the  rotor  will  create  a  magnetic  field  in  the  rotor.    The  magnetic  field 
in  the  rotor  follows  the  rotating  magnetic  field  of  the  stator. 


4j  711 


Fill  in  the  missing  information,  in  the  response  sheet,  for  the 
following  statements. 

1.  The  current  flowing  in  the  rotor  is  current. 

2.  The  rotating  magnetic  field  of  the  will  cause  the 

to  turn. 


3.      The  rotor  of  an  induction  motor  doesn't  have 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  4. 


/o3ff 

Frame  5 


■  Since  induction  motors  used  in  environmental  systems  work  are  primarily 
reversible  type,  a  brake  assembly  is  sometimes  used.    The  brake  is  designed 
to  prevent  overtravel  (coasting)  of  a  motor  after  current  ha3  been  turned  off. 
The  brake  is  spring  loaded  ON  and  electrically  disengaged.    The  illustration 
shows  one  type  of  brake  with  the  rotor  and  stator,   -The  unit  uses  the  magnetic 
field  of  the  rotor  to  disengage  the  brake.    When  power  is  applied  the  brake 
disengages  and  the  motor  turns.    When  power  is  stopped  the  spring  pushes  the 
brake  against  the  brake  disc  stopping  the  motor.    On  AC  motors  that  do  not 
use  a  brake,  a  limit  switch  that  you  studied  ir  the  text  on  DC  motors  is  used. 


BRAKE 

DISC 


In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  false 

1.  Mosc  AC  motors  used  in  environmental  systems  work  are  reversible, 

2.  The  brake  is  spring  loaded  ON  and  electrically  disengaged, 

3.  Some  AC  motors  use  limit  switches  to  prevent  overtravel. 

CHECK  YOUR  RESPONbES  AT  THE  TOP  OF  PAGE  4. 


3 

10  GO 


CORRECT  RESPONSES  TO  FRAME  4:      1.     induced,        2.    stator,  rotor, 

3.    electrical  connections. 


CORRECT  RESPONSES  TO  FRAML  5:      1.  T,    2.  T,    3.  T. 
Frame  6 

To  understand  how  an  AC  motor  operates,  an  understanding  of  AC  phase 
relationships  is  necessary.    The  illustration  shows  the  sine  waves  for 
single,  two-  and  three-phase  power.    Figure  A  shows  the  sine  wave  for 
single-phase  power,  you  studied  in  an  earlier  text.    Figure  B  shows  the 
sine  wave  for  two-phase  AC  power.    Phase  1  is  indicated  by  the  white  sine 
wave  and  phase  2  by  the  black  sine  wave.    Phases  1  and  2  are  two  independent 
power  supplies  coming  from  the  same  source.    These  power  supplies  are  90 
degrees  out-of-phase.    This  means  that  by  moving  90  degrees  from  the  zero 
reference  point  phase  1  is  at  maximum  value.    At  the  same  time  phase  2  is 
at  zero.    Move  90  degrees  further  to  the  180  degree  point,  phase  2  is  at 
maximum!    Phase  1  has  dropped  to  zero.    The  phase  changes  occur  in  much 
the  same  manner  in  figure  C  except  the  three-phase  power  is  120  degrees 
out-of-phase.    A  study  of  the  sine  waves  vUl  show  that  each  of  the  phases 
shown  in  figures  B  and  C  are  at  a  different  value  at  the  same  point  in  time. 
Because  of  this,  each  phase  can  be  connected  to  different  sets  of  poles  in 
an  AC  motor  to  create  a  roMting  magnetic  field. 


B  PHASE  t 


w      iter    *70»  j«o* 


OOP       ZMT  W 


In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  fals 

1.  Three-phase  power  has  three  independent  power  supplies  from  a 
common  source. 

2.  Two-phase  power  is  90  degrees  out-of-phase. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  6. 
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Frame  7 

f 

The  stator  is  excited  by  applying  AC  power  to  the  windings  around 
the  stator  poles.    This  will  establish  a  rotating  magnetic  field  for  motor 
operation.    The  magnetic  field  moves  from  pole  piece  to  pole  piece  as  the 
applied  AC  power  changes  value.    The  illustration  shows  the  rotating  magnetic 
field  of  a  2-phase  AC  motor.    Phase  l'is  connected  to  the  poles  marked  A  and 
A'.    Phase  2  is  connected  to  the  poles  marked  B  and  Bv.    The  position  of  the 
magnetic  field  in  relation  to  applied  current  values  can  be  seen  by  comparing 
the  sine  waves  in  figure  A  with  figures  B,  C  and  D.    At  point  B  of  figure  A 
phase  1  is  at  maximum  value.    At  the  same  time  phase  2  is  at  zero.  The 
magnetic  field  will  be  as  shown  in  figure  B.    Current  flow  will  be  in  the 
direction  as  shown  by  the  black  arrow.    At  point  C  both  phase  1  and  2  are 
NEAR  maximum  and  the  magnetic  field  moves  clockwise.    Indicated  by  the 
black  arrow  in  the  center  of  figure  C.    With  current  at  the  values  of  * 
point  D  the  magnetic  field  is  as  you  see  it  in  figure  D.  * 


Fill  in  the  missing /information  in  the  response  sheet  for  the  following 
statements . 

1.      At  point  D  of  figure  A  phase  1  is  at    and  phase  2  is 


2.  The  stator  is  excited  by  applying  AC  power  to  the   

around  the>  . 

3.  Phase  2  is  connected  to  the  poles  .marked          and   . 

4.  The  magnetic  field  moves  in  a    direction. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  6. 
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CORRECT  RESPONSES  TO  FRAME  6:      1.  T,    2.  T. 


CORRECT  RESPONSES  TO  FRAME  7: 


1.  zero  maximum,    2.  Windings,  3tatoi  poles  , 


3.  B-B', 


4.  clockwise. 


Frame  8 


Current  flow  is  induced  into  the  rotor  by  the  magnetic  field  of  the 
stator.    You  must  know  the  direction  of  the  induced  current  to  determine 
which  direction  torque  is  applied  to  the  rotor.    The  direction  of  Induced 
current  can  be  found  IF  the  direction  of  conductor  motion  and  the  direction 
of  the  magnetic  field  are  known.    This  is  done  by  using  the  LEFT  HAND 
GENERATOR  RULE.    The  rule  states  "using  your  left  hand,  extend  your  thuub, 
index  and  middle  fingers  at  right  angles  to  one  another.    (See  illustration). 
Position  your  hand  with  the  thumb  pointing  in  the  direction  of  conductor 
motion.    Point  the  index  finger  in  the  direction  of  magnetic  lines  of  force 
(north  to  south) .    Your  middle  finger  will  point  in  the  direction  of  induced 
current  flow.  v 


In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  false. 

1.  The  left  hand  generator  rule  will  give  you  the  direction  of 
conductor  motion. 

2.  Current  flow  is  induced  into  the  rotor. 

3.  The  direction  of  induced  current  can  be  found  by  using  the  left 
hand  generator  rule. 


CONDUCTOR 
MOVED  UP 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  8. 
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1 063 
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Kraijie  9 


The  illustration  shovs  you  how  cun^snt  is  induced  into  the  rotor. 
The  figures  A,  B,  and  C  show  the  CONDUptORS  of  the  rotor  between  the  north 
and  south  poles  of  the  stator.    The  magnetic  field  of  the  stator  is  rotating 
counterclockwise .    Remember  the  stator  does  notmove,  the  magnetic  field  moves . 
Motion  of  the  rotor  conductor  RELATIVE  to  the  stator  field  is  CLOCKWISE 
(figure  A).    Use  the  left  hand  rule.    The  conductors  on  the  LEFT  are  moving 
UP  relative  to  the    tacor  field.    Point  the  thumb  of  your  left  hand  toward 
the  top  of  the  page.    Point  the  Ix^dex  finger  in  the  direction  of  the  stator 
field  (north  to  south) .    Your  middle  finger  will  show  that  current  flow  in  the 
LEFT  conductors  is  toward  you.    Motion  of  the  RIGHT  conductors  is  coward  the 
BOTTOM  of  the  page.    Point  your  left  thumb  toward  the  bojttom  of  the  page 
with  the  index  finger  p&ntlng  from  north  tq  south  on  the  stator  field. 
Your  middle  finger  will  show  current  flow  into  the  page.    Current  flow  in 
the  rotor  will  cause  the  stator  field  to  move  as  shown* in  figure  C,  Because 
the  routing  magnetic  field  and  torque  are  in  the  same  direction  the  rotor 
will  follow  the  Rotating  magnetic  field  of  the  stator. 


COM0UCT0*  MOTION 


In  the  response  sheet  mark  each  statement  either  (T)  true  or  (F)  false* 

1.  In  figure  A  relative  condu^^r  motion  is  clockwise  bedause  the 
magnetic  field  is  moving  counterclockwise. 

2.  Torque  is  in  the  same  direction  as  the  rotating  magnetic  field. 

3.  Ufiing  the  left  hand  generator  rule  the  thumb  is  pointed  in  the 
direction  of  conductor  motion* 

4.  The  stator  conductors  turn  between  the  poles  of     e  rotor. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  8. 
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CORRECT  RESPONSES  TO  FRAME  8:      1.  F,    2.  T,    3.  T.  | 

CORRECT  RESPONSES  TO  FRAME  9:  1.  T,  2.  T,  3.  T,  4.  F.  I 
Frame  10  1 

For  induction  to  take  place  the  rotating  magnetic  field  must  move  faster 
than  the  rotor.    This  is  because  the  magnetic  field  of  the  stator  must  pass 
through  the  rotor  conductors  to  induce  current.     IF  the  rotor  was  turning  at 
the  same  speed  as  the  stator  field  the  conductors  and  lines  of  force  would 
be  aligned  end  no  induction  could  take  place.    The  magnetic  field  of  the 
stator  always  sweeps  through  the  rotor  conductors  slightly  faster  than  rotor 
speed.    This  induces  current  into  the  rotor  which  in  turn  develops  torque. 
The  difference  between  the  speed  of  the  rotating  magnetic  field  and  the 
speed  of  the  rotor  is  called  SLIP . 

Fill  in  the  missing  information  in  the  response  sheet  for  the  following 
statements- 

1.  The  magnetic  field  of  the  stator  must  move  than 

rotor  speed. 

2.  Inducing  current  into  the  rotor  produces   . 

3.  'Difference  between  the  speed  of  the  stator  field  and  rotor  speed 
is  called  . 

4.  Inducing  £urrent  into  the  rotor  the  stator  field  must  turn   

than  the  . 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10. 

Frame  11 

It  was  stated  in  earlier  frames  that  AC  induction  motors  may  operate 
on  single  two-  or  three-phase  power.    Two-  and  three-phase  motors  have  a 
rotating  magnetic  field,  because  the  phases  are  connected  to  'ifferen*  sets 
of  stator  poles.    Remember,  each  phase  is  an  independent  powet  source.  The 
two-phase  motor  has  power  90  degrees  out-of-phase .    The  three-phase  motor 
has  power  120  degrees  out-6f-phase .    What  about  sinkle-phase  motors?  There 
is  no  phase  difference  with  single-phase  power.    A  Itotor  which  operates  on 
single-phase  power  is  not  self  starting.    It  DOES  NOT  have  a  rotating 
magnetic  field.    Operation  of  a  single-phase  motor  is  accomplished  by 
connecting  the  internal  wiring  of  the  motor  in  different  ways.    How  this 
is  done  will  be  discussed  in  the  following  frames. 

In  the  response  sheet  mark  the  following  statements  (T)  true  or  (F)  fals 

1.  A  single-phase  motor  is  not  self  starting. 

2.  The  phases  of  two-phase  power  are  90  degrees  apart. 

3.  Single-phase  power  is  phased  120  degrees  apart. 

4.  Operation  of  a  single-phase  motor  is  by  connecting  the  wiring  of 
the  motor  in  different  ways. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10 . 


Review  Frame  12 

Hatch  the  items  lifted  in  coluicn  A  with  those  listed  in  column  B. 
Mark  your  answer  in  the  response  sheet. 


Column  A 

Column  5 

1. 

Rotor 

A. 

Has  no  rotating  magnetic  field. 

2. 

Stator 

B. 

Has  AC  power  applied. 

3. 

Single-pbase  motor 

C . 

Has  AC  power  induced. 

4. 

Slip 

D, 

Difference  in  rotor  and  stator  speed. 

5. 

Torque 

E. 

Is  applied  to  the  rotor. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10. 


Frame  13 

As  stated  in  frame  11  a  motor  which  operates  or.  single-phase  power 
is  not  self  starting*    Because  of  this  a  single-phase  motor  is  designed  to 
operate  like  a  two-phase  motor.    This  is  accomplished -by  connecting-- an  auxiliary 
(starting)  winding  in  parallel  with  the  main  (running)  winding.    Look  at  the  1 
illustration.    The  main  winding  is  labeled  A  and  Al,  the  auxiliary  winding  is 
labeled  B  and  Bl.    Dotted  lines  identify  the  auxiliary  winding.    Notice  the 
centrifugal  switch  located  in  the  motor  starting  circuit.    A  motor  with  this 
type  of  connection  is  called  a  split-phase  motor.    The  auxiliary  winding  may  be 
connected  permanently  or  disconnected  by  the  centrifugal  .switch ,  after  the  motor 
has  started  running.    As  stated  i    previous  frames  an  out-of-phase  condition  is 
required  to  produce  a  rotating  magnetic  field.    In  a  split-phase  motor  the  out- 
of-phase  condition  is  obtained  in  several  ways,.    In  the  illustration  the  oufc-pf- 
phase  condition  is  obtained  by  placing  high  resistance  in  the  auxiliary  (starting) 
winding  and  high  inductance  in  the  main  (running)  winding.    While  the  motor  is 
starting  both  windings  will  have  current  flow.    The  centrifugal  switch  will  dis- 
connect the  auxiliary  winding  at  approximately  75%  of  motor  speed.    After  the 
motor  has  started  the  force  of  the  turning  rotor  will  maintain  mocor  operation. 


Fill  in  the  missing  information  for  the  following  statements  in  the 
response  sheet. 

1.  The  auxiliary  winding  may  be  disconnected  by  a  . 

2.  The  auxiliary  winding  may  also  be  called  a  winding. 

3.  The  main  winding  is  sometimes  called  the   winding. 

4.  A  motor  connected  in  parallel  is  called  a  motor. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  10, 
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CORRECT  RESPONSES  TO  FRAME  10:    1.  faster,  2.  torque,      3.  slip,      4.  faster, 

rotor^ 

CORRECT  RESPONSES  TO  FRAME  11:    1.  T,    2.  Tf  3.  F,    4.  T. 

CORRECT  RESPONSES  TO  FRAME  12:*  1.  C,   2.  B,  3.  A,    4.  D,    5 .  E . 

CORRECT  REW^SES  TO  FRAME  13:    l»^c*fftttfugal  switch,      2.  starting, 

3/  running,    4.  split  phase. 

Ftame  14 

In  our  discussion  of  AC  motors,  the  rotor  is  moved  by  es.  The 

force  of  the  rotating  magnetic  field  (frame  7)  and  the  to  ,^        action  as 
the  magnetic  field  around  the  rotor  conductors  act  on  the  stator  field 
'  (frame  9).    At  fiWls  pt>int  we  will  discuss  a  THIRD  force  which  will  make  the 
Tt>tor  turn.    As  stated  earlier  when  the  rotor  turns  it  has  current  induced 
into  it.    This  will  cau.se  the  entire  rotor  to  be  magnetized.    The  magnetic 
field  of  the  rotor  will  be  in  a  position  that  will  cause  the  rotor  field  to 
*e  attracted  to  the  stator  field.    The  illustration  shows  the  magnetic  field 
of  the  rotor  with  the  south  pole  at  the  top  and  north  at  the  bottom.  The 
south  pole  of  the  rotor  will  be  drawn  to  the  north  pole  of  the  stator.  The 
north  pole  of  the  rotor  is' pulled  toward  the  south  pole  of  the  stator.  The 
magnetic  field  of  the  rotor  always  remains  in  a  fixed  position.    The  rotor 
an<V stator  poles  will  never  become  aligned.    Although  the  poles  will  never 
align  themselves  the  force  which  will  cause  them  to  try  is  present  in  the  rotor. 


Mark  the  following  statements  (T)  true  or  (F)  false  in  the  response  sheet. 

1.  The  rotor  of  AC  motor  will  be  magnetized. 

2.  The  rotor  field  will  be  aligned  with  the  stator  field. 

3.  The  rotor  is  acted  upon  by  three  forces. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  QF  PAGE  12. 
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Frame  15 


A  motor  with  a  resistance  In  the  starting  winding  doesn't  have  a  high 
starting  torque.    This  is  because  tha  resistance  does  not  create  a  very 
large  phase  difference  between  the  current  flow  in  the  starting  winding 
and  current  flow  in  the  running  winding.    Where  a  higher  starting  torque' 
is  needed,  a  motor  with  a  capacitor  wired  in  the  starting  circuit  is  often 
used  (figure  B) .    This  circuit  arrangement  will  cause  the  current  in  the 
starting. winding  to  lead  the  current  in  the  running  winding  (figure  A). 
As  a  result  a  two-phase  feFFECT  is  achieved.    There  is  more  of  a  difference 
between  the  phases  in  this  type  -of  motor  than  one  with  resistance  In  the 
starting  windings.    Because  of  the  phase  difference  *  higher  torque  will-* 
result. 


Fill  in  the  missing  information  for  the-  following  statements  in  the 
response  sheet. 

1.  More  starting  torque  is  obtained  by  connecting  a   »_ 

in  the  starting  winding. 

2.  A  capacitor  is  connected  in  the  motor  to  achieve  higher   

3.  In  a  split-phase  AC  motor  a   phase  effect  is  Obtained. 

CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  12. 
11 
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CORRECT  RESPONSE  TO  FRAME  14:      1.    T,      2.    F,      3.  T. 

CORRECT  RESPONSE  TO  FRAME  15:      I.    capacitor.      2.    start  Ins  torque, 

3.    two.  > 

Frame  16 

The  AC  motor  most  often  used  in  environmental  systems  is  the  reversible 
AC  motor.    Reversible  single-phase  motors  will  be  equipped  with  two  stator 
windings.    Supplying  power  to,  one  winding  will  cause  the  motor  to  turn 
clockwise.    Applying  power  to  the  other  winding  will  turn  the  motor  counter- 
clockwise.   In  the  reversible  type  motor  the  centrifugal  switch  is  not  used 
and  the  starting  and  running  windings  are  permanently  connected* 

Mark  the  following  statements  (T)  true  or  (F)  false  in  the  response  sheet. 

1.      A  reversible  single-phase  AC  motor  is  equipped  with  two  stator 
windings . 


itche3. 


2.      A  reversible  AC  motor  uses  two  centrifugal  sw 


CHECK  YOUR^RESPONSES  AT  THE  TOP  OF  PAGE  14, 


\ 


tOHt 

Frame  1 


In  places  where  high  starting  torque  and  relatively  quiet  operation 
is  needed  a  three-phase  motor  la  used.    The  rotating  magnetic  field  of  a 
three-phase  motor  creates  a  more  constant  torque  than  the  fields  of  split 
and  two-phase  motors.    This  is  because  more  motor  poles  are  receiving 
power  at  a  given  time.    Other  than  that  the  operation  of  a  three-phase 
motor  is  very  much  like  a  two-phase  motor.    The  illustration  will  show 
you  how  a  three- ph^»e  motor  is  connected  electrically.    Notice  that  there 
are  three  separate  paths  for  current  flow  to  three  sets  of  motor  poles. 


MOTOR  -3PHASC 


NO  RESPONSE  REQUIRED 
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CORRECT  RESPONSES  TO  FRAME  16 2      1.  T,    2.  F. 
CORRECT  RESPONSES  TO  FRAME  17:    .None  Required. 
Frame  18 

The  Illustration  shows  the  rotating  magnetic  field  of  a  three-phase 
AC  motor.    Figure  6  of  the  illustration  shows  phase  A  connected  to  poles  A 
and  Al,  phase  B  to  poles  B  and  Bl,  and  phase  C  to  poles  C  and  CI.  Using 
figure  1  as  a  guide  and  comparing  it  to  figures  2  through  5  the  figures 
will  show  how  a  rotating  magnetic  field  is  achieved.    Point  w  of  figure  1 
shows  phases  A  and  B  at  near  maximum  value  while  phase  C  is  at  zero.  The 
magnetic  lines  of  force  are  as  shown  in  figure  2.    The  rotating  magnetic 
field  will  be  moving  counterclockwise.    Now  move  down  the  time  line 
(figure  1)  to  point  3.    At  point  3,  phase  A  is  at  zero  and  phases  B  and  C 
are  near  maximum.    This  will  cause  the  magnetic  field  to  rotate  counter- 
clockwise to  the  position  shown  in  figure  3.    Compare  points  4  and  5 
(figure  1)  and  figures  4  and  5  and  notice  how  the  field  continues  to 
rotate  counterclockwise.    A  check  of  points  2  and  5  (figure  1)  and 
figures  2  and  5  will  sLow  that  both  current  and  the  magnetic  poles  of 
the  motor  have  changed  polarity.    Point  6  is  the  place  whepe  the  motor 
will  complete  360  degrees  rotation.    The  current  values  of  point  6  are  the 
same  as  they  were  at  point  2.- 

Mark  the  following  statements  (T)  true  or  (F)  false  in  the  response 
p*  ^et. 

1,  The  current  values  at  points  two  and  six  of  figure  1  are  the  same- 

* 

2,  The  magnetic  poles  of  the  motor  will  change  polarity  as  the  current 
,  changes  polarity. 

3,  From  point  two  to  point  six  the  motor  makes  one  complete  turn, 

CHECK  YOUR  RESPONSES  AX  THE  TOP  OF  PAGE  16. 
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CORRECT  RESPONSE  TO  FRAME  18:      1.  T,      2.  T,      3.  T. 
Frame  19 

A  single-phase  motor  Is  reversed  by  using  two  stator  windings. 
Reversing  a  three-phase  motor  is  done  differently.    The  direction  of 
rotation  of  a  three-phase  motor  is  reversed  by  reversing  the  connections 
en  any  tow  of  the  three  phases.    The  illustration  shows  you  two  AC  motors. 
These  two  motors  will  turn  in  opposite  directions  because  A  and  B  phases 
have  been  reversed  on  the  right  hand  motor.    Reversing  the  phases  will 
reverse  the  direction  of  the  rotating  magnetic  field  and  also  motor 
direction.    Reversing  a  three-phase  motor  is  done  using  a  relav  circuit 
which  you  will  study  in  your  next  text. 


A  PHASE 


C  PHASE 


MOTOt-3  PHASE 


B PHASE 


MOTOt-3  PHASE 


C  PHASE 


Kill  in  the  missing  information  for  the  following  statements  in  the 
response  sheet. 

*1.     Reversing  two  phases  of  a  three-phase  motor  will  change  the 
direction  of  the  field. 


2.      Reversing  a  three-phase  motor  can  be  done  using  a 
circuit . 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  18. 
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Frame  20 


The  rotor  of  an  Induction  motor  turns  at  a  slower  speed  than  the 
rotating  magnetic  field  of  the  stator.    The  difference  in  speed  is  called 
SUP.    Slip  le  necessary  in  an  induction  type  motor  because  if  the  rotor 
turned  at  the  sum  speed  as  the  rotating  magnetic  field  no  current  would 
be  induced.    The  spaed  of  the  rotating  magnetic  field  is  called  SYNCHRONOUS 
SPUD.    An  AC  motor  which  is  designed  to  turn  at  the  same  speed  as  the 
rotating  field  of  the  stator  is  called  a  synchronous  motor.    A  synchronous 
motor  ia  used  where  exact  speed  regulation  la  necessary.    The  ROTOR  of  a 
synchronous  motor  ia  made  of  permanent  magnets  or  is  magnetized  from  an  outside 
DC  power  source.  ,  Because  the  north  and  south  poles  of  the  rotor  do  not  change 
the  rotor  will  turn  at  synchronous  speed.    The  speed  of  a  synchronous  motor 
is  proportional  to  the  AC  frequency.    The  motor  can  be  used  to  drive  precision 
units  if  frequency  is  closoly  adjusted. 


Mark  the  following  statements  (T)  true  or  (F)  false  in  the  response 
sheet . 

1.  The  difference  between  the  speed  of  the  rotor  and  the  speed  of 
the  rotating  magnetic  field  is  called  SLIP . 

2.  The  rotor  of  a  synchronous  motor  can  be  made  of  permanent  magnets. 

3.  The  speed  of  the  rotating  magnetic  field  is  called  induction. 


CHECK  YOUR  RESPONSES  AT  THE  TOP  OF  PAGE  18, 
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CORRECT  RESPONSES  TO  FRAME  19:      1.    rotating  magnet,    2.  relay. 


CORRECT  RESPONSES  TO  FRAME  20:      1.    T,      2.    T,      3.    P.  - 
CORRECT  RESPONSES  TO  FRAME  21:      None  Required. 

Frame  21 

The  illustration  will  show  you  how  several  different  types  of  AC  motors 
will  appear  on  a  wiring  diagram. /figure  A  shows  a  reversible  single-phase 
motor.    Figure  B  is  a  two-phase  Jw>tor.    The  two  figures  marked  C  and  D  are 
two  methods  of  wiring  a  three-pnase  motor-    The  three-phase  motor  is  generally 
equipped  with  a  ground  wire  to  prevent  electrical  shocks  but  it  is  not 
necessary  for  motor  operation, 

*  NO  RESPONSE  REQUIRED 


END  OF  TEXT 
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OBJECTIVES 


( 


Using  an  electrical  diagram,  identify  a  minimum  of  8  out:  of  10 
circuit  malfunctions,  when  given  the  cause  and  circuit  conditions. 

EQUIPMENT 

Basis  of  Issue 
Colored  Pencil  Set  1/student 


PROCEDURE 


Pay  close  attention  to  all  directions  that  you  are  given  in  the 
workbook.    When  performing  in  the  workbook,  such  as  tracing  or 
solving  problems,  if  your  response  is  incorrect ,  restudy  the  informa- 
tion.   At  the  end  of  this  workbook,  you  will  have  a  progress  check 
which  will  be  graded  by  your  instructor.     If  you  are  ready  to  begin 
and  have  no  questions,  proceed  with  the  lesson. 

In  this  section  you  will  become  familiar  with  an  AC  circuit 
as  shown  in  figure  1,  page  24    in  Part  3  of  this  workbook.     It  is 
designed  to  operate  and  reverse  the  operation  of  single  phase  and 
three  phase  motors.    You  will  learn  this  by  tracing  the  individual 
circuits  which  make  up  the  entire  circuit.    Let  us  begin  by  dis- 
cussing the  systemfs  switches. 

The  three  (3)  switches  in  the  circuit  which  control  the  body 
crossover  manifold  valve  and  strut  //3  bleed  valve  are  the  manifold 
valve  switch,  master  switch  and  bleed  selector  switch.     The  two  (2) 
switches  in  the  circuit  which  control  the  open  and  close  control 
relays,  used  to  control  the  modulating  valve,  are  the  master  switch 
and  the  manual  switch.    You  will  use  this  workbook,  Parts  1,  2,  and 
3,  to  complete  the  lesson  objectives. 

Part  1  consists  of  instructions  and  confirmations.     Part  2 
consists  of  figures  and  foldouts.    Begin  with  Exprcise  1, 

Note:    You  may  remove  Part  3  from  Part  2  for  ease  of  tracing 
if  you  so  desire. 


Supersedes  3ABR42231-WB-116,  19  August  1977. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  400;  TTVSA  -  1 
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>  PART  1 


Exercise  1 

In  this  exercise,  we  will  trace  power  to  the  manifold  valve 
switch.    You  will  use  a  red  pencil  and  figure  1  in  Part  3  of  this 
workbook. 

1.  Trace  from  Point  A  on  the  118-205V,  three  phase,  400  Hertz 
AC  bus  bar,  to  the  junction  point  of  wires* H200A20  and  H400A20. 
Keep  in  mind  that  both  wires  use  the  same  tircuit  breaker.    For  the 
time  being  we  will  trace  only  H200A20. 

2.  Trace  up  wire  H200A20  to  the  manifold  valve  switch-pole  A 
and  the  jumper  wires  to  poles  B  and  C.    You  have  now  applied  power 
up  to  the  manifold  valve  switch. 

3.  Turn  to  page  14  in  Part  2  for  confirmation.     If  you  have 
traced  this  correctly,  transfer  what  you  have  traced  to  foldout  1 
in  Part  3  of  this  workbook. 


Exercise  2 

t 

In  this  exercise,  we  will' trace  the  manifold  valve  switch  in 
the  open  position.  You  will  use  a  dark  green  pencil  and  figure  1 
in  Part  3  of  this  workbook. 

/ 

1.  Draw  the  manifold  valve  switch  to  the  open  position,  by 
moving  the  armature  of  the  switch  down  to  Points  2  and  4.  Notice 
the  broken  line  between  the  two  contacts.    This  indicates  that  the 
armatures  are  joined  together  by  a  single  switch.     If  one  armature 
moves,  the  other  moves,  in  tl^e  same  direction  at  the  same  time. 
This  allows  us  to  control  two  or  more  paths  of  current  flow  yith  a 
single  switch.  ' \ 

A 

2.  Trace  from  Point  2,  across  wire  H22QA20  to  Point  1  on  the 
bleed  selector  switch. 

3.  Trace  along  wire  H220B20  to  pin  B  of  the  b  dy  crossover 
manifold  valve  connector  plug.     Remember  this  is  a  single  phase  AC 
motor.     It  has  a  capacitor  start  winding.     In  order  to  apply  power 
to  the  motor  correctly,  we  must  trace  it  in  the  following  manner. 

4.  Trace  from  pin  B  of  the  body  crossover  manifold  valve 
connector  plug,  to  the  microswitch  (open).     Draw  the  microswitch 
closed. 

r 

f  5.     .  Trace  from  the  microswitch  up  to  the  capacitor. 

6.  Trace  through  and  to  the  other  side  of  the  capacitor.  You 
have  now  applied  power  to  both  windings. 

7.  Trace  through  both  windings  and  out  to  Pin  C  of  the  valve. 
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8.  Trace  from  Pin  C  down  wires  H3^B20N,  H310D20N  and  along 
H310E20N  and  on  out  to  ground  on  the  bus  ba*w_ 

9.  Go  back  to  Point  4  of  the  manifold  valve  switch.  Trace 
from  this  point  along  wire  H240A20  to  Point  4  of  the  bleed  selector 
switch. 

10.  Trace  from  the  bleed  selector  switch  to  Pin  B  of  the 
strut  #3  bleed  valve  connector  plug. 

11.  Remember  this  is  a  single  phase  motor.    You  must  trace 

it  in*  the  same  manner  as  you  did  the^ody  crossover  manifold  valve. 
Trace  the  capacitor  and  the  windings  and  on  out  Pin  C. 

12.  Trice  from  Pin  C  on  out  to  ground  at  the  bus  bar.  You 
will  notice  that  wire  H310D20N  and  H310E20N  ground  wires  are  shared 
by  both  single  phase  AC  valves. 

13.  The  body  crossover  manifold  and  strut  #3  bleed  valve  are 
now  open.     Als^  notice,  with  the  manifold  valve  switch  in  the  open 
position,  the  master  switch  and  bleed  selector  have  been  bypassed. 
Turn*to  page  15  in  Part  2  of  this  workbook  for  confirmation.  If 
you  have  traced  this  correctly,  transfer  what  you  have  traced  to 
foldout  1  in  Part  3. 

Exercise  3 

Now  we  will  look  at  the  manifold  valve  switch  in  the  closed 
position.     You  will  use  a  dark  blue  pencil  and  figure  2  in  Part  3 
of  this  workbook. 

1.  Draw  the  manifold  valve  switch  armature(s)  to  the  closed 
posit  ion. 

V 

2.  Trace  from  Point  1  to  pole  A  and  stop. 


3.      Trace  from  Point  3  to  pole  B  and  stop. 


4.      With  the  manifold  valve  switch  in  the  closed  position, 
power  is  supplied  to  the  master  switch.    This  switch  has  two 
positions,  RAM  or  up  position  and  PRESSURE  or  down  position.  This 
switch  is  also  made,  so  that  if  one  armature  moves,  all  three 
armatures  move. 


5.      Trace  the  master  switch  in  the  RAM  position  as  shown. 


6.  Trace  from  pole  A  to  Points  1  and  2,  and  then  over  to 
Point  3  of  the  bleed  selector  switch. 

7.  Trace  down  and  over  to  Pin  A  of  the  s^ut  #3  bleed  valve 
connector  plug. 
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V  loSt 

8.  Trace  through  the  microswitch  (cl osed) ,  windings,  capp-itor 
^nd  on  out  Pin  C  of  the  valve. 

9.  Trace  from  Pin  C  to  the  ground  on  tie  bus  Dar.    This  valve 
will  now  close.  \  

10.  Trace  from  pole  B  of  the  master  switch  to  Points  5  and  6 
of  the  master  switch. 

11.  Twee  from  Point  6  of  the  master  switch  to  Point  2  of  the 
bleed  selector  switch. 

12.  Trace  from  Point  2  of  the  bleed  selector  switch  to  Pin  A 
of  the  body  crossover  manifold  valve. 

13        Trace  through  the  valve,  in  the  same  manner  as  you  did  the 
strut  #3  bleed  valve,  to  Pin  C  of  the  body  crossover  manifold  valve. 

14.  Trace  from  Pin  C  to  ground  on  the  bus  bar.     You  will 
noticethe  H310D20N  and  H310E20N  are  again  shared  by  both  valves. 

15.  This  valve  is  now  closed.     Remember,  with  the  manifold 
valve  switch  in  the  closed  position,  the  master  switch  in  the  RAM 
position,  the  bleed  selector  switch  has  been  bypassed. 

16.  Turn  to  page  16  for  confirmation  in  Part  1* 

17.  If  you  have  traced  this  exercise  correctly,  transfer  what 
you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Exercise  4 

Let  us^  see  what  will  happen  with  the  naster  switch  in  the 
PRESSURE  position.     You  will  use  an  orange  pencil  and  figure  3  in 
Part   3  of  this  workbook. 

1.  Draw  the  manifold  valve  switch  to  the  closed  position. 

2.  Draw  the  armature  of  the  master  switch  to  the  PRESSURE 
(down)  position. 

3.  Trace  from* Point  1  of  the  manifold  valve  switch  to  the 
master  switch  pole  A. 

\.       Trace  through  the  master  switch  to  the  bleed  selector 
switch. 

5.  Trace  through  the  bleed  selector  switch  to  Pin  B  of  the 
body  crossover  manifold  valve. 

6.  Trace  through  the  valve  and  windings  to  Pin  C  of  the  valve. 
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7.  Trace  from  Pin  C  to  ground  on  the  bus  bar. 

8.  Go  back  to  Point  3  o'  the  manifold  valve  switch  and  trace 
irom  there  to  the  master  switch,. 

9.  Trace  from-  the  master  switch  to  the  bleed  selector  switch. 

10.  Trace  through  the  bleed  selector  switch  to  Pin  A  of  the 
strut  //3  bleed  valve. 

11.  Trace  through  the  valve  and  windings,  and  out  to  ground 
on  the  bus  bar. 

12.  You  can  see,  with  the  master  switch  in  the  PRESSURE 
position,  power  is  always  applied  to  the  close  side  of  the  strut  //3 
bleed  valve,   to  insure  that  the  valve  stav^  closed. 

13.  Turn  to  page  17  for  conf irmation  in  Part  2. 

14.  If  you  have  traced  this  exercise  correctly,  transfer 
whac  you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Exercise  5 

The  bleed  selector  switch  in  figure  4  in  Part  3  of  this  workbook 
is  shown  in  the  norma'l  position.     Let  us  see  what  will  happen  when 
you  place  the  bleed  selector  switch  in  the  alternate  position.  You 
will  use  a  light  blue  pencil  and  figure  4  in  Part  3  of  this  workbook. 

1.  Trace  the  manifold  Vc'lve  switch  in  the  closed  position. 

2.  Trace  the  master  switch  to  the  PRESSURE  position. 

3.  Trace  the  bleed  selector  switch  to  the  alternate  position. 

4.  Trace  from  Point  1  on  the  manifold  valve  switch  to  the 
master  switch. 

5.  Trace  through  the  master  switch  to  the  bleed  selector  sultch. 

6.  Trace  through  the  bleed  selector  switch  to  Pin  A  of  the 
body  crossover  manifold  valve  connector  plug. 

7.  Trace  from  Pin  A  through  the  valve  and  windings  to  Pin  C 
of  the  valve. 

8.  Trace  from  Pin  C  to  the  ground  on  the  bus  bar. 

9.  Go  back  to  Point  3  of  the  manifold  valve  switch  and  trace 
from  there  to  the  master  switch. 


10.  Trace  through  the  master  switch  to  the  bleed  selector  switch. 

11.  Trace  through  the  b^eed  selector  switch  to  Pin  B  of  the 
strut  #3  bleed  valve  connector  plug. 

12.  Trace  through  the  valve  a*nd  windings  and  to  Pin  C  of  the 
valve. 

13  Trace  from  Pin  C  out  to  the  ground  at  the  bus  bar. 

14  This  will  cause  the  body  crossover  manifold  valve  to  close 
and  the  strut  #3  bleed  valve  to  open. 

15.  Turn  to  page  18  for  confirmation  in  Part  2. 

16.  If  you  have  traced  this  exercise  correctly,  transfer  what 
you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Note:    Before  we  continue,  let's  take  a  look  at  the  ground 
wire  for  the  body  crossover  manifold  valve  and  the  strut  #3 
bleed  valve.     If  H310B20N  is  broken,  only  the  body  crossover 
manifold  valve  won't  work.     If  H310C20N  is  broken,  only  the 
strut  #3  bleed  valve  will  not  wo-k.    Each  wire  is  common 
only  to  that  valve.    However,  if  H310D20N  or  H310E20N  is 
broken,  neither  valve  will  work. 
/ 

Exercise  6 

You  have  learned  that  the  master  switch  has  three  armatures.  

You  have  already  traced  wiring  for  two  of  these  armatures.  Let's 
now  trace  the  wiring  that  is  connected  to  the  third  armature.  You 
will  see  that  this  armature  allows  28V  DC  power  to  go  to  the  manual 
switch,  which  in  turn  controls  the  relay(s)  and  the  relay(s)  control 
the  3  phase  modulating  valve.    You  will  also  learn  where  the  power 
for  the  three  phase  motor  comes  from.    For  this  exercise,  you  will 
•use  a  brown  and  a  red  pencil  and  figure  4  in  Part  3  of  this  workbook. 

1.  With  a  brown  pencil,  trace  the  master  switch  to  the 
PRESSURE  position.     Remember  all  three  armatures  move  down  at  the 
same  time. 

2.  With  a  brown  pencil ,  trace  from  the  positive  connection 
of  the  28V  DC  b  if  bar  to  pole  C  of  the  master  switch. 

3.  With  a  brown  pencil,  trace  through  the  switch  and  down  to 
the  manual  switch  and  stop. 

4.  Go  back  to  the  AC  bus  bar. 

5.  With  a  red  pencil,   trace  from  circui"  breaker  A  to  pole  B2 
of  the  open  relay. 
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6.  With  a  red  pencil,  trace  through  armature  (B2-B3)  to  Point  B3 
of  the  close  relay. 

7.  With  a  red  pencil,  trace  from  circuit  breaker  B  of  the  bus 
bar  to  pole  C2  of  the  open  relay. 

8.  Trace  through  armature  (C2-C3)  to  Point  C3  of  the  close 
relay.  ^ 

9.  Trace  from  circuit  breaker  C  to  pole  D2  of  the  open  relay. 

10.  Trace  through  armature  (D2-D3)  to  Point/D3  of  the  closed 
relay. 

11.  Turn  to  page  19  for  confirmation  in  Part  2. 

12.  If  you  have  traced  this  exercise  correctly,  transfer  what 
you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

13.  Let's  go  back  and  review  what  you  have  just  traced.  As 
you  have  already  seen,  the  power  for  the  manual  Switch  is  28V  DC. 
The  manual  switch  controls  the  open  and  close  relays,  whi^h  in  turn 
control  the  modulating  valves  three  phase  motor.     Power  for  the 
three  pnase  motor  comes  from  the  3  phase  AC  bus  bar.    This  3  phase 
control  circuit  is  now  ready  for  a  signal.     This  signal  will  cause 
the  3  phase  modulating  valve  to  open  or  close,     ihe  manual  switch 
controls  this  signal. 

Exercise  7  ^ 

We  are  now  going  to  trace  the  circuit  that  will  close  the 
modulating  valve.     You  will  use  a  light  green  pencil  and  figure  A 
in  Pait  3  of  tbis  workbook. 

Draw  the  manual  switch  to  the  closed  position.  Remember, 
in  Exercise  6  you  traced  power  to  the  manual  switch  in  brown. 

> 

2.  Trace  from  the  manual  switch  to  Pin  F  of  the  modulating 
valve . 

3.  Trace  from  Pin  F,  through* thr  close  limit  switch,  to 
Pin  E  of  the  modulating  valve.  f 

A.      Trace  from  Pin  E  to  XI  of  thjT^fose  relay. 

5.      Trace  from  XI  to  X2  of  the  close  felay  coil. 


6.  Trace  from  X2  to  ground  on  tghe  negative  point  of  the 
28V  DC  bus  bar.  f  > 

7.  Draw  the  fhree  armatures  of  the  close  relay  to  the 
energized  (down)  position. 


8.       Trace  phase  A  from  Point  Bl  of  the  close  relay  to  Pin  A 
of  the  modulating  valve  connector  plug. 
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9.      Trace  through  the  calves  hQ  (phase)  winding  to  Pin  H  of  the 
modulating  valve. 

10.  Trace  from  Pin  H  to  ground  on  the  bus  bar. 

11.  Go  bark  to  the  relay  and  trace  phase  B  from  Point  CI  to 
Pin  B  of  the  modulating  valve. 

12.  Trace  through  the  valves  B0  winding  and  on  out  to  ground 
at  the  bus  bar. 

13.  Start  again  at  the  close  relay  and  tr&ce  phase  C  from 
Point  Dl  to  Pin  G  of  the  modulating  valves  connector  plug. 

1A.      Trace  from  Pin  G  through  the  valves  C0  winding  to  Pin  H 
and  on  out  to  the  ground  on  the  bus  bar. 

15.  %ghe  modulating  valve  will  now  close,  with  all  three  phases 
of  power  applied. 

16.  T^rn  to  page  20  for  confirmation  of  what  you  have  traced. 

17.  If-yo'j  hav$  completed  this  exercise  correctly,  transfer 
what  you  have  traced  to  foldout  1  in  Part  3  of  this  workbook. 

Exercise  8 

We  will  new  see  what  will  happen  if  the  manual  switch  is  in  the 
open  position.     For  this  exercise,  you  will  use  a  purple  pencil  and 
figure  5~\n  Part  3  of  this  workbook. 

1  -     Draw  the  manual:  switch  to  the  open  position. 

2.  Trace  from  the  manual  switch  to  Pin  D  of  the  modulating 
valve. 

3.  Trace  from  Pin  D  of  the  modulating  valve,  through  the  open 
limit  switch  (insure  that  this  limit  switch  had  been  traced  to  the 
closed  position  and  the  close  limit  switch  to  the  open  position)  to 
Pin  C  of  the  modulating  valve.  I 

A.      Traca  from  Pin  C  through  the  open  relay  coil  to\gr°und  on 
00  the  28V  DC  bus  bar.  ( 


5.      The  open  relay  is  now  energized. 

~6.      Draw  the  armature  of  the  open  relay  to  the  energized 
(down)  position. 

7.      With  this  open  relay  energized,  the  close  relay  is  de- 
energized.     This  is  caused  by  the  operation  of  the  limit  switches 
1   within  the  modulating  vajv..     If  you  have  forgotten  limit  switch 
N  operation,  refer  back  to  the  wiring  diagram  on  DC  Mot  ^workbook. 
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.   8.      With  the  open  relay  energized,  we  can  trace  3  phase  power  to 
the  modulating  valve.     Trace  phase  A  from  Point  Bl  of  the  open  relay 
to  Point  CI  on  the  close  relay. 

9.      Trace  from  Point  CI  of  the  close  relay  to^Pin  B  of  the 
modulating  valve. 

10.  Trace  through  the  motor  B0  winding  and  out  to  the  ground 
on  the  bus  bar. 

11.  Go  back  to  the  open  relay.     Trace  phase  B  from  Point  Cl  to 
Point  Bl  of  the  close  relay. 

12.  Trace  fiom  Point  Bl  of  the  relay  to  Pin  A  of  the  modulating 
valve. 

13.  Trace  through  the  motor  A0  winding  and  out  to  ground  on 
the  bus  bar. 

14.  Go  back  to  the  open  relay  and  trace  phase  C  from  Point  Dl 
to  Point  Dl  of  the  close  relay. 

15.  Trace  from  Point  Dl  of  the  relay  to  Pin  G  of  the 
modulating  valve. 

16.  Trace  through  the  motor  C0  winding  and  out  to  ground  on 
the  bus  bar. 

17.  The  valve  30  luotor  will  now  go  in  the  opposite  direction 
and  open.    This  is  caused  by  reversihg/^wo  phases  of  power  to  the 
motor  windings.     Phase  A  and  B  are  reversed  to  the  A  and  B  phase 
motor  windings  on  Pins  A  and  B  at  the  motor. 

18.  Notice  the  power  direction  when  only  the  close  relay  is 
energized.    The  power  leaves  Point  A  of  the  AC  bus  bar  and  travels 
to  Pin  A  of  the  modulating  valve.    The  power  that  leaves  Point  B 
of  the  AC  bus  ba£  goes  to  Pin  B^  of  the  modulating  valve. 

19.  Also  notice  the  diction  o^f  the  power  with  only  the  open 
relay  energized.    The  power  that  leaves  circuit  breaker  A  of  the 

AC  bulbar  is  now  going  to  Pin  B  of  the  modulating  valve,  and  the 
power^fcm  circuit  breaker  B  is  now  going  to  Pin  A  of  the  valve. 
The  C0  remains  the  same  with  either  *elay  energized. 

20.  Turn  to  page  21  for  confirmation  of  what  you  have  traced 
in  this  exercise. 

21.  If  you  have  traced  this  exercise  correctly,  transfer  ^iat 
you  have  traced  to  foldout-*!  *n  Part  3  of  this  workbook. 
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Note:    Another  point  to  remember  is  that  the  modulating  valve 
is  a  three  phase  motor.     If  you  will  recall  from  your  AC  Motor 
programmed  text,  a  three  phase  iu  .or  does  not  require  an 
external  ground  for  motor  operation.    This  means  that  even 
though  all  three  phases  are  connected  to  ground  wire  H310A20N 
.   and  in  t  urn  H310E20N,  an  open  in  either  or  both  of  these  wires 
will^have  no  effect  on  the  operation  of*  the  modulating  valve. 

Note:    Wire  H300C20N  is  a  ground  wire  shared  by  both  open  and 
close  relay  ground. 

Now  that  you  have  traced*  the  individual  circuits,  you  should 
be  ready  to  solve  some  circuit  malfunctions. 

Using  foldout  2,  figures  6  and  7,  you  will  id^irHLty  the  circuit 
malfunction(s)  in  the  AC  Motor  Control  Circuit  which  areS^ll  caused 
by  open  circuit(s).    You  will  place  one  or  more  "X's"  in  tshe  block(s) 
which  will  Rive  you  the  correct  circuit  malfunction.    The  first  one 
has  been  done  for  you. 

The  second  one  you  must  do  for  practice  and  have  it  checked 
by  your  instructor  before  you  proceed  to  the  problems  in  the  progress 
check.     Keep  in  mind  as  y^u  do  each  problem,  you  mu3t  mark  only  the 
malfunctions  that  directly  relate  tc  each  problem. 

PRACTICE  PROBLEM  1 

First  look  at  figOre  7  and  find  practice  problem  #1,  then, 
using  figure  6,  look  for  problem  #1  in  the  AC  Motor  Control  Circuit. 
After  you  hav*  found  #1  on  figure  6,  you  will  see  that  it  points  to 
an  open  pqpitive  wire  for  both  single  phase  valves.    Remember  that 
•11  the  problems  ^iven  in  this  exercise  are  open  circuits. 

1.      Figure  7  gives  you  the  answer  sheet  for  practice  problem  #1. 


2.  Figure  6  gives  you  the  location  of  the  open  circuit 
H200A20  the  positive  lead  for  both  single  phase  motor  valve  assemblies. 

Note:    An  "OPEN  CIRCUIT"  may  be  a  conditi^i  of  electrical 
circuit  caused  by  the  breaking  of  continuity  of  one  or  more 
of  the  conductors  of  the  circuit;  usually  an  undesired  con- 
dition.    It  may  also  be  a  circuit  which  does  not  provide  a 
complete  path  for  current  to  flow. 

3.  Look  at  figure  6  and  place  the  manifold  valve  switch, 
master  switch,  and  the  bleed  selector  switch  in  any  combination 
of  positions,  you  should  then  find  that  the  body  crossover 
manifold  and  strut  number  3  bleed  valve  will  not  operate.  You 
will  also  find  that  wire  H200A20  is  not  Msed  in  any  way  to  support 
the  operation  of  the  modulating  valve.    Now  examine  figure  7  and 
you  will  find  how  thi*  problem  number  1  has  been  marked  for  you. 
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If  you  have  any  questions  on  how  this  problem  was  marked,  ask  your 
instructor  at  this  time. 

PRACTICE  PROBLEM  #2 

You  should  be  able  to  complete  this  practice  problem  on  i   ur  own 
in  foldout  2.     If  you  are  not  sure,  consult  your  instructor  -  this 
time. 

When  you  finish  the  practice  problems,  have  them  checked  and 
signed  off  by  your  instructor  before  you  progress. 

PROGRESS  CHECK 

The  next  ten  problems  in  foldout  2  will  not  be  done  any  place  but 
in  the  classroom  and  under  the  supervision  of  the  instructor.    You  will 
not  do  these  problems  in  the  barracks  or  at  home.    You  -iust  identify 
a  minimum  of  8  out  of  10  circuit  malfunctions  correctly.  Your 
instructor  must  check  your  work  after  the  first  five  problems.  If 
your  instructor  says  your  work  is  satisfactory,  he  will  initial  your 
work  allowing  you  to  progress.     It  the  instructor  says  it  is  unsatis- 
factory, it  will  not  be  initialed  and  you  will  follow  the  instructions 
of  the  instructor. 
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PART  2 

Confirmation (s)  for  Exercises  1  through  8. 
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Part  2,  Exercise  1  Confirmation. 
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Part  2,  Exercise  4  Confirmation, 
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Part  2,  Exercise  5  Confirmation. 
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Part  2,  Exercise  6  Confirmation. 
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Part  2,  Exercise  8  Confirmation. 


ERLC 


2i 


c 

A 

/  ciom|*«  \ 

• 

fttIS! 


IO0V  CIOSSOVII 
MANIFOlD  VAiVf 


c 

A 

/  ClO«|>t  \ 

\  OMm||*  / 

• 

STIUT  NO  1 
III  ED  VAIVC 


MANUAL 
SWITCH 


MOOUtA'WO  VAiVE 


Exercise  1  (red) 
Exercise  2     (dark  green) 


Part  3,  Figure  1, 
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Exercise  3    (dark  blue) 


Parr  3,  Figure  1 . 
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Exercise  5    (light  blue) 
Exercise  6    (brown  and  red) 
Exercise  7    (light  green) 
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Exercise  8  (purple) 


i'art  3,  Figure  5. 
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Figure  6. 
Foldout  2. 
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STUDENT'S  NAME  

(last)  (first) 

DATE  PROGRESS  CHECK  SIARTED   


1   1 

PROBLEM  NUMBERS 
(REFER  TO  FOLDOUT  #2) 
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AC  MOTOR  AND  CONTROL  CIRCUITS  TROUBLESHOOTING 

OBJECTIVE 


Using  an  AC  motor  control  circuit,  electrical  diagram,  and 
multimeter,  locate  and  record  a  minimum  of  four  out  of  five  trouble 
causes • 


EQUIPMENT 

Basis  of  Issue 

AC  Valve  Control  Systems  Trainer 

F/N  2999  1/studant 
Multimeter  1/student 


Safety 

Remrve  watches,  rings,  bracelets,  etc.,  before  starting  any 
work  on  the  equipment.    It  Is  also  a  good  safety  practice  to  work 
on  the  equipment  with  only  one  hand.    This  practice  reduces  the 
chances  of  receiving  an  electrical  shock  to  some  vital  ^body  organ, 
when  worMng  with  electricity.  f 

PROCEDURE 


This  workbook  will  be  accomplished  In  the  lab.    After  you  get 
to  the  lab,  ask  the  lab  Instructor  to  assign  you  to  a  cralner,  to 
complete  this  workbook  and  progress  check.    You  will  also  need  to 
sign  out  a  multimeter  when  this  workbook  Instructs  you  to  do  so 
later.    Follow  the  procedures  that  are  given  for  each  exercise. 

When  you  leave  your  trainer  for  a  scheduled  or  unscheduled  break, 
Insure  the  following  ha»  been  done  before  you  go. 

1.  Place  all  circuit  breakers  to  the  out  (deenerglzed)  position. 

2.  Secure  your  multimeter  during  this  period. 


a.  Insure  the  controls  on  the  multimeter  are  properly 
set  for  storage. 

b.  Leave  the  test  leads  attached  to  the  multimeter. 

c.  Wrap  the  meter  leads  around  the  instrument. 

d.  Place  the  meter  on  the  locker  shelf. 
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3.  1  When  you  return  from  the  break,  talca  tha  eame  me  tar  and  go 
back  to  work.    Insure  that  power  la  connected  to  the  trainer  and 
circuit  breakera  are  puahed  in  aa  needed. 

Before  you  can  effectively  troub^eahoot  the  AC  motor  circuits, 
yeu  muet  become  thoroughly  familiar  with  the  normal  operation  of 
tHfeeyetem.    An  operational  checkout  MIST  be  performed,  prior  to 
troubleshooting ,  to  determine  the  condition  of  the  ayatem  and  to 
help  you  locate  exactly  which  portion  of  the  ayatem  la  defective. 
Knowing  when  and  how  the  eyatema  operate  normally  la  the  key  to 
eucceeafui  troubleshooting. 

Exercise  1 

1.     Follow  the  procedures  below  to  set  up  the  trainer  for  an 
operational  check  and  this  will  also  familiarize  you  with  the 
location  of  the  components.' 


out. 


positic 


a.  Inaura  all  five  (S)  circuit  breakera  (CB)  are  pulled 

b.  Place  the  MANIFOLD  VALVE  SWITCH  to  the  OPEN  position. 

c.  Placet  the  MASTER  sWlTCH  to  the  PRESSURE  position.  * 

d.  Place  the  BLEED  SELECTOR  SWITCH  to  the  ALTERNATE 

e.  Place  the  MANUAL  SWITCH  to  the  CLOSE  position. 

f .  Place  all  TROUBfj?  SWITCH  toggles  to  the  OUT  position. 


These  are  located  on  the  back  of  the  trainer. 


g.  The  email  switch  that  is  not  labeled  near  the  top  of 
the  other  trouble  switches;  be  sure  it  is  in  the  UP  position.    If  it 
ia  not  you  will  be  unable  to  troubleahoot  the  trainer  successfully. 

h.  Insure  trainer  is  plugged  in. 

i.  Push  in  all  five  (5)  circuit  breakera  (CB).    These  will 
supply  AC  and  DC  power  to  the  circulta. 

Note:    IF  the  valves  on  the  trainer  run  after  you  puah  in  the 
circuit  breakera  they  are  only  running  to  the  position  for 
which  they  are  programmed  by  the  switches.    This  is  normal  and 
not  a  malfunction. 
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Exercise  2 

I.     As  you  perform  each  of  the  following  steps,  pla^e  an  "Xn 
in  the  blank  that  correctly  indicates  the  aotor(s)  position-  You 
will  obsene  the  motor  valves  operation  and  sCso  study  the  electrical 
dlagraa  ofithe  trainer  to  answer  the  questions.  ^The  correct  answers 
are  at  the  end  of  this  exercise  on  page  13* 

a.      Place  the  MANIFOLD  VALVE  SWITCH  in  the  CLOSE  position, 
MASTER  SWITCH  to  the  RAM  position,  BLEED  SELECTOR  SWITCH  to  the 
NORMAL  position  and  the  MANUAL  SWITCH  to  the  OFF  position  (centered). 

(1)  The  Body  Crossover  manifold  valve 
 a*  OPENED. 

"  b.  CLOSED. 

  c.    should  not  operate. 

(2)  The  Strut  #3  Bleed  valve 


a.  OPENED* 


 b.  CLOSED. 

  c.    should  not  operate. 

(3)    The  Modulating  valve 
a.  OPENED. 


b.  CLOSED. 


c.    should  not  operate. 


To  prove  that  these  valves  have  functioned  normally  you  could 
trace  the  electrical  circuit.    Start  the  tracing  on  the  trainer 
circuit  diagram  by  tracing  the  switches  in  the  position  they  actually 
are  on  the  trainer  control  panels.    Now  start  tracing  the  circuit  at 
point  MA"  on  the  *"NITOLD  VALVE  SWITCH,  going  in  both  directions. 
Tracing  through  the  MANIFOLD  VALVE  SWITCH  CLOSE  position,  through 
the  MASTER  SWITCH  BAM  position,  and  on  through  the  BLEED  SELECTOR 
SWITCH  NORMAL  position  on  to  both  single  phase  AC  motors.    As  you 
can  see,  because  the  MASTER  SWITCH  is  in  the  RAM  position,  the 
MANUAL  SWITCH  will  NOT  have,,  any  control  over  the  MODULATING  VALVE. 

s 

To  aid  you  in  understanding  the  circuit  better  be  sure  you  draw 
in  the  position  of  the  various  switches  every  time  you  change  their 
position  on  the  control  panels."  After  this  .start  the  tracing  at 
point  "A"  on  the  MANIFOLD  VALVE  SWITCH  in  both  directions  tracing 
through  the  switches  over  to  the  AC  valves.    If  the  MASTER  SWITCH 
is  in  the  PRESSURE  position  be  sure  you  check  out  the  three  (3)  _ 
phase  valve  control  system/   Be  sure  you  mark  the  position  of  the 
MANUAL  SWITCH  **th  the  grtase  pencil  and  also  the  position  of  the  J 
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relay  contacts  ae  nicuiiry  and  also  tha  MODULATING  fkLVE  micro- 
etfitchea  as  necessary*    If  you  hava  any  queationa  at  thla  time 
about  thaaa  proctduree  check  with  your  lab  inctructor  bafora  you 
progreea  any  further* 

b.     Placa  tha  MANIFOLD  VALtr5  SWITCH  in  tha  CLOSE  position, 
MASTER  SWITCH  to  tha  ?RESSURE  poeition,  BLEED  SELECTOR  SWITCH  to  the 
NORMAL  position  and  tha  MANUAL  SWITCH  to  tha  OPEN  position. 

(1)    Tha  BODY  CROSSOVER  MANIFOLD  VALVE 

a.  OPENED. 


b.  CLOSED. 


c.    should  not  operate. 


(2)    Tha  STRUT  #3  BLEED  VALVE  ^ 

 a.  OPENED. 

ti  CLOSED. 


_____  c.  should  not  operate. 
(3)    Tha  MODULATING  1/ALVE 

a.  ope:;ed. 


b.   , CLOSED. 


  c.    should  not  operate. 

Note:    Whan  the  muter  switch  is  placed  in  the  pressure 
position*  you  should  alao  trace  out  the  DC  circuits.  This 
starts  at  tha  positive  (>)  DC  bus  bar  and  on  through  tha 
master  switch,  manual  switch,  and  on  through  the  motor  micro- 
switches  on  through  the  correct  relay  coil  to  the  DC  ground. 

Check  your  anawers  on  page  13.    If  they  are  correct  move  on  to 
tho  next  operation.    If  any  are  incorrect,  STOP  and  see  your  lab 
Instructor  at  this  time. 
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C£    Place  the  MANIFOLD  VALVE  SWITCH  in  the  CLOSE  position, 
MASTER  SWITCH  to  the  RAM  position,  BLEED  SELECTOR  SWITCH  to  the 
ALTERNATE  posit^n  and  th«  MANUAL  SWITCH  to  the  OF*  position  (canter) 

(1)  The  BODY  CROSSOVER  MANIFOLD  Vk  VE 
  a.  OPENED. 

 b.  CLOSED. 

  c.    should  not  operate. 

(2)  The  STRUT  #3  BLEED  VALVE 

  a.  OPENED. 

  b.  CLOSED. 

  c.    should  not  operate. 

(3)  Ine  MODULATING  VALVE 

  a.  OPENED. 

 b.  CLOSED. 

  c.    should  not  operate. 

Check  your  a:  ;wers  on  page  13.    If  they  are  correct  move  on  to 
the  next  operation.    If  any  are  incorrect,  STOP  and  see  your  lab 
instructor  at  this  timo. 
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d.     PUci  the  MANIFOLD  VALVE  SWITCH  In  the  CLOSE  position, 
MASTER  SWITCH  to  the  PIIS3UIE  position,  BLEED  SELECTOt  SWITCH  to  the 
ALTEIMATE  position  and  ths  HAKUAL  SWITCH  to  ths  CLOSE  position. 

(1)    Ths  BODY  JBOSSOVE&  MANIFOLD  VALVE 

  a.    OPENED.  1 

 b.  CLOSED. 

  c.    should  not  operate. 


(2)  The  STRUT  #3  BLEED  VALVE 

  a.  OPENED, 

 b .  CLOSEI 

  c.    should  not  operate. 

(3)  Ths  MODULATING  VALVE 

  a.  OPENED. 

  b.  CLOSED. 

_____  c.    should  not  operate. 


Check  your  answers  on  page  13. 
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t.     Place  tha  MANIFOLD  VALVE  SWITCH  in  the  OPEN  position, 
MASTER  SWITCH  to  the  BAM  yoeitiou,  BLEED  SELECTOR  SWITCH  to  the 
NORMAL  position  and  the  MANUAL  SWITCH  to  the  OFF  position. 


(1)  The  BODY  CROSSOVER  MANIFOLD  VALVE 
 a.  OPENED. 

 b.  CLOSED. 

\  c.    should  not  operate. 

(2)  The  STRUT  #3  BLEED  VVLVE 

 a.  OPENED. 

 b .  CLOSED. 

  c.    should  not  operate. 

(3)  The  MODULATING  VALVE 

  a.  OPENED. 

  b.  CLOSED- 

  c.    should  not  operate • 

Check  your  answers  on  page  13. 


f.  Plscs  tho  MANIPOLD  VALVE  SWITCH  la  ths  APEN  position , 
MASTIR  SWITCH  to  ths  FUSSUIB  position  9  BLEED  SELECTOR  ^CH  to  the 
NORMAL  position  sad  ths  MANUAL  SWITCH  to  ths  OPEN  posit  i. 

(1)  Ths  BODY  C103SOVEI  MANIFOLD  VALVE 
  ft.  OPENED. 

  b.  CLOSED. 

c.    should  not  opeute. 

(2)  Ths  STRUT  #3  3LEED  VALVE 

  s.  OPENED. 

  b.  CLOSED. 

  c.    should  liot  opsr«te. 

(3)  Ths  MODULATING  VALVE 

_..  ^ 

 b.  CLOSED. 

  c.    should  not  operate. 

Chsck  your  snsvsrs  on  psgs  13. 
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•      Place  th«  MANIFOLD  VALVE  SWITCH  in  the  OPEN  position 
MASTER  SWITCH  tto  tha  1AM  petition,  BLEED  SELECTOR  SWITCH  to  the 
ALTERNATE  petition  and  the  MANUAL  SWITCH  to  the  OPT  po.ition. 

(1)  The  BODY  CROSSOVER  MANIFOLD  VALVE 
  «.  OPENED, 

  b.  CLOSED. 

  c.    should  not  operate. 

(2)  The  STRUT  #3  BLEED  VALVE 

  «.  OPENED. 

  b.  CLOSED. 

c.    should  not  operate. 

(3)  The  MODULATING  VALVE 

  a.  OPENED. 

 b.  CLOSED. 

  c,    should  not  operate. 

Che,ck  your  answers  on  page  13. 
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h.  *Piaco  the  MANIJDLD  VALVE  SWITCH  in  the  OPEN  position, 
MASTE*  SWITCH  to  ths  F1ISSU1E  position,  BLEED  b ELECTOR  SWITCH  to  the 
ALTEDUTE  position  and  the  MAtfQAL  SWITCH  tr  the  CLOSE  position. 

(I)    Tho  BOOT  CHDSS0VE1  M*SIF0LD  VALVE 

  a*  OPENED  • 

  b.  CLOSED. 

c,  should  not  operate. 


(2)  Tho  STKUT  #3  BLEED  VALVE 
____  s.  OPENED* 
  b.  CLOSED. 

^         c.  should  not  operate. 

(3)  The  MODULATING  VALVE  >^ 
  a.  OPENED. 

  b.  CLOSED. 

  c.  should  not  operate. 


Check  your  answers  on  page  13, 


\ 


(1)    The  MJDULATING  VALVE 

  a.  OPENED. 

J  _b.  CLOSED. 

  c.    should  not  operate. 

Note:    Be  sure  you  place  the  switches  in  the  correct  08^on 
with  the  grease  pencil  on  the  trai °«  f  r£*u^fhooting  the 
will  aid  you  in  understanding  and  later,  cro  o 

circuits . 

j  .      Place  the  MANIPOLD  VALVE  ^J^^ISS^T 
ma^tfr  SWITCH  to  the  PRESSURE  position,  BLEED  SELECTOR  SWITCH 
efth«  STanS  the  MANUAL  SWITCH  to  the  CLOSE  position. 

(1)    The  MODULATING  VALVE 

a.    OPENED.  / 

— — — —  j 

  b .    CLOSED .  ' 

c.    should  not  operate.  „ 

) 


and  the  BLEED  SELECTOR  SWITCH. 


/ 

/ 


Check  your  answers  on  page  13. 
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This  complete*  the  operational  check  procedures;  now  compare 
your  answra  to  those  given  if  you  have  not  already  done  so.  This 
way  you  will  know  that  the  trainer  is  operating  normally.    If  you 
have 'any  questions  STOP  and  see  your  lab  instructor  before 
progressing. 

Correct  response  to  Exercise  2: 

a.  (1)    b  f.      (1)  c 

(2)  b  (2)  c 

(3)  c  (3)  a 

b.  (1)    a  /         g.      (1)  c 

(2)  c        t  ^  (2)  c 

(3)  a 


(3)  b 

(1)  a 

(2)  c 

(3)  c 


V  (3)  c 


c.      (1)    b  h.      (1)  c 

(2)  c  (2)  c 

(3)  c  (3)  b 


(1)  c  i.      (1)  a 

(2)  a 


1 


j.      (1)  b 
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Exercis*  3 

If  you  art  thoroughly  familiar  with  the  normal  operation  of  the 
system  you  will  now  start  with  troubleshooting.    If  you  tra  in  doubt 
about  the  nojrmel  operation  of  the  system,  see  your  lab  instructor. 
Alto  be  aure  you  understand  how  to  uae  the  grease  pencil  to  mark  the 
switches  and  follow  the  circuit,   .If  you  don't  understand  ask  the  lab 
instructor  NOW. 

1.    Follow  the  procedures  beltfw  to  program  a  CAUSE  for  a 

malfunction  in  the  electrical  circuit. 

*  • 

a.  Insure  power  is  connected  to  the  trainer.    See  your 
lab  instructor  If  needed. 

b.  .Place  the  MANIFOLD  VALVE  SWITCH  to  the  ^LOSED  position, 

c.  Place  the  MASTER  SWITCH  to  the  RAM  position. 

d.  Place  the  BLEED  SELECTOR  SWITCH  to  the  NORMAL  position. 

e.  Place  the  MANUAL  SWITCH  to  the  OFF  position. 

f .  Insure  the  circuit  breakers  (CB)  are  pushed  in. 

g.  Sign  out  a  multimeter  and  insure  it  is  propoerly  set  up 
and  leads  are  connected  correctly  to  the  meter. 

Note:    As  you  can  see  on  the  wiring  diagram,  the  bus  bar  has  AC 
and  DC  power  so  be  careful  the  multimeter  is  set  up  correctly 
for  whichever  value  you  intend  to  measure.    DO  NOT  use  the  ohms 
portion  of  the  multimeter  on  this  trainer  until  you  check  with 
the  lab  instructor. 

h.  Insure  that  all  the  troubles  switches  on  the  back  of 
the  trainer  are  in  the  OUT  position. 

i.  Now  place  trouble  switch  #3  on  the  back  of  t*e  trainer 
to  the  IN  position. 

Note:    If  you  see  motor  operation  disregard  it  at  this  time. 

Now  you  are  ready  for  the  operational  check  of  the  system. 
Remember  you  are  now  looking  for  a  visual  malfunction  of  the  valve (s) 
during  the  operational  check. 

Note:    You  are  going  to  use  trouble  #3  on  the  back  of  the 
train-     for  the  first  practice  malfunction  problem.  The 
trot-'  xe  switch  on  the  back  of  the  trainer,  when  placed  to 
tv  ,  "m"  position,  will  place  a  CAUSE  in  the  electrical 
w^ntrol  circuit  giving  a  visual  nonfunction  of  a  valve. 
Because  the  location,  in  the  circuit,  of  the  CAUSE  for 
the  malfuction  is  unknown  to  you,  you  will  need  to  perform 
a  complete  operational  check  and  then  troubleshoot  the  mal- 
functioning circuit  with  a  multimeter.    Once  you  have  moved 
a  trouble  switch  to  the  IN  position  you  will  leave  it  there 
until  this  workbook  and/or  instructor  instructs  you  otherwise. 
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To  perform  tht  cpetatioifal  check  you  will  place  the  switches  in 
the  position  you  detire  end  mark  the  switches  in  that  position  on  the 
electric*!  diagram  on  the  trainer.    Sow  you  start  at  point  "A"  of  the 
MAKIfOLD  VALVE  SWITCH  and  trace  in  both  directions  to  the  valves  to 
determine  their  required  operations.    If  they  do  ndt  perform  as 
required,  you  have  then  found  the  observable  malfunction  to  record 
on  Che  chart  on  page  17.    If  you  have  any  questions  at  this  time 
see  your  instructor.    You  may  use  the  steps  in  Exercise  2  to  assise 
you  in  the  operational  check  or  you  may  position  the  control  switches 
on  the  panel  as  you  wish.    If  you  do  this  be  sure  you  still  use  a 
grease  pencil  to  mark  the  switch  position  and  circuit  wiring  to 
identify  wh*t  functioned  or  failed  to  function. 

What  have  you  found  to  be  malfunctioning?    RIGHT!    The  body 
crossover  manifold  valve  is  working  backwards  or  in  reverse.  If 
you  have  used  Exercise  2  you  will  find  the  body  crossover  manifold 
valve  malfunctioned  when  you  compare  operation  (step)  (a  and  e  OR 
d  and  h). 

Now  look  at  your  list  of  possible  malfunctions  on  page'17. 
You  see  that  it  would  be  letter  "D".    Write  the  letter  "D"  on  your 
practice  problems  chart  under  malfunction  for  trouble  switch  #3. 
Trouble  switch. #3  has  already  been  completed  for  you. 

Now  you  are  regdy  to  troubleshoot  the  control  circuit  and  to 
find  the  CAUSJ:  for  the  observable  malfunction  for  trouble  switch  #3. 
You  will  use  the  voltage  measuring  method  of  troubleshooting.  This 
procedure  starts  at  the  connector  plug  of  the  malfunctioning  unit 
(load)  or  motor  winding.    You  will  take  the  first  voltage  measure- 
ment on  the  positive  side  of  the  unit  (load)  which  failed  to  function 
correctly.    Having  the  correct  amount  of  power  in  the  positive  circuit 
up  to  the  malfunctioning  unit  (load)  indicates  that  the  positive 
circuit  is  OK.    Thli  first  voltage  check  taken  at  the  plug  will  tell 
you  to  continue  troubleshooting  the  positive  control  circuit  or 
troubleshooting  the  ground  circuit.    If  the  voltage  reading  is  below 
the  required  value  you  would  continue  troubleshooting  in  the  positive 
control  circuit.    If  the  required  value  is  measured  you  would  then 
check  out  the  ground  circuit  for  the  malfunction  load. 

Note:    Insure  that  you  place  the  ceter  controls  to  the 
proper  setting  for  voltage  checks. 

+  Follow  the  following  instructions  to  solve  for  the  CAUSE  of 
malfunction. 

s  ♦      Connect  the  black  lead  from  the  meter  to  the  common  ground 
point ^on  the  trainer,  there  is  one  for  AC  and  one  for  DC.    You  must 
tie  careful  in  selecting  the  correct  ground. 

b.      Use  the  RED  led  and  measure  the  applied  voltage  on  the 
positive  side  of  the  malfunctioning  unit  (load). 

Note:    Remember  you  must  place  the  switches  in  the  position 
the  malfunction  is  happening.    You  will  need  to  use  either 
two  <2)  of  the  four  (4)  steps,  (a  and  e  OR  d  and  h)  from 
exercise  2. 
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N  (1)    Maaauring  the  voltage  »c  P°lnt»  A  and  B  of  the 

BODY  CKJSSOVER  VALVE,  you  will  find  that  they  are  ravaraad. 

(2)    Maaauring  tha  voltaga  at  points  1  and  2  of  the 
BLEED  SELECTOR  SWITCH,  you  will  find  that  the  readings  are  normal. 

c       Now  that  you  have  found  the  CAUSE,  the  two  wires 
ravaraad  or'croased,  H230D20  and  H220B20,  you  will  .Sake  the  correct 
entries  on  tha  practice  problems  chart,  page  17. 

(1)  Identify  tha  malfunction  by  writing  in  the  letter  (s) 
which  identify  the  malfunction.    (These  have  already  been  done  for  you.) 

(2)  Complete  the  CAUSE  columns  oy  writing  in  the  type 
of  trouble  and  unit  or  wire  number.     (These  have  already  been  done  for 

;ou.) 

(3)  See  your  lab  instructor  if  you  have,  any  questions 

at  this  time. 

h.      Referring  to  the  practice  chart  on  page  17  you^will 
find  all  the  required  entries  already  nade  for  trouble  switch  #3. 
Study  the  entries  already  made  to  acquire  knowledge  on  how  to  make 
the  entries  for  the  remaining  trouble  switches. 

Exercise  4 

You  have  completed  troubleshooting  trouble  #3.    You  should  be 
able  to  troubleshoot  a  malfunction  on  your  own  at  this  time.  You 
may  ask  for  assistance  from  the  lab  instructor  if  necessary. 

1.      Following  the  procedures  below  practice  programming  a 
cause  for  a  malfunction  in  the  trainer. 

a.  Insure  the  switches  on  the  front  of  the  trainer  are 
in  the  position  of  your  choosing.    You  may  want  to  use  Exercise  2. 

b.  Insure  circuit  breakers  are  in. 

c.  Insure  multimeter  is  properly  set  up  and  leads  connected 
to  the  meter. 

r 

d.  Insure  that  all  the  trouble  switches  on  the  back  of  the 
trainer  are  in  the  OUT  position. 

«.      See  the  instructor  to  have  a  trouble  switch//  entered 
in  the  practice  problem  and  progress  check  charts,  pages  17  and  ... 

f.  Set  your  switches  first  as  shown  in  Exercise  1,  set 
up  procedures . 

g.  Now  place  the  trouble  switch  on  the  back  of  the  trainer 
matching  the  number  entered  on  the  practice  problem  chart,  to  the  IN 
position. 

IU0 
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2.  Perform  an  operational  check. 

3.  Complete  tha  malfunction  column  on  tha  practice  problem 
chart.    You  may  need  more  than  one  letter  in  this  column* 

4.  Troubleahoot  the  circuit(s)  for  the  cause,  uaing  the  meter. 

5.  Complete  the  cause  columns  below. 

6.  Shack  the  wire  number  against  your  entry  in  the  malfunction 
column  Tor  recheck  of  your  work.    Note:    Remember  how  you  did  your 
wiring  diagram  workbook  in  the  classroom  and  use  that  knowledge  to 
cross  check  this  work. 

7.  ^ave  your  instructor  check  and  initial  your  work  before 
progression.    If  your  work  is  incorrect  follow  the  instructions 
given  by  the  instructor. 

-Note:    BEFORE  you  place  any  trouble  switch  to  the  IN 
position,  be  sure  the  four  (4)  control  switches  on  the 
frou:  of  the  trainer  are  set  as  indicated  below. 

MANIFOLD  VALVE  SWITCH  OPEN 

MASTER  SWITCH  PRESSURE 

BLEED  SELECTOR  SWITCH    ALTERNATE 


\ 


MANUAL  SWITCH  .   CLOSE 


PRACTICE  PROBLEMS 

TROUBLE 

CA1 

JSE 

SWITCH  # 

MALFUNCTION 

TYPE  OF  TROUBLE 

WIRE  NUMBER (Si 

3 

D 

•H.Croas  Wires 

H230D20  &  H220B20 

I 

LIST  OF  POSSIBLE  MALFUNCTIONS 


(There  can  be  more  tnan  one  malfunction  for  each  problem) 

A.  Body  crossover  manifold  valve  will^not  open. 

B.  Body  crossover  manifold  valve  will*not  close. 

C.  Body  croasover  manifold  valve  will  not  operate. 

D.  Body  crossover  manifold  valve  runs  backwards  (reverse). 

E.  Strut  #3  bleed  valve  will  not  open. 

F.  Strut  #3  bleed  valve  will  not  close. 

G.  Strut  #3  bleed  valve  will  not  operate. 

H.  Strut  #3  bleed  valve  runs  backwards  (reverse). 

I.  Modulating  valve  will  not  open. 
J.  Modulating  valve  will  not  close. 
K.  Modulating  valve  will  not  operate. 

L.  Modulating  valve  runs  backwards  (reverse). 

1  7 
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Before  you  have  your  instructor  chock  your  work,  rochock  your 
own  work.    You  should  rochock  your:  work  much  liko  you  solved  tho 
probltw  in  tho  AC  Motor  Control  circuit  wiring  diagrams  workbook. 
This  may  bo  dono  by  taking  tho  wiro  numbor  you  havo  writ ton  above 
and  using  ths  wiring  diagram  locatsd  on  tho  trainer.    Doing  this 
you  can  dotormins  if  th*  malfunction (s)  you  have  written  in  the 
'Jn+Kt  atovo  are  1005  correct. 

Note:    Be  very  careful  in  rechecking  by  sf  lectioj>-of  the 
circuit  malfunction.    They  must  describe  exactl/ what  is 
malfunctioning*  nothing  more  or  less.    Also  always  note 
the  position  of  the  control  switches, 

Instructor's  Initial:   Practice  Problems  Grade:   


) 


If  your  lab  instructor  signs  off  your  practice  work  you  will 
be  assigned  your  progress  check  material  by  the  lab  instructor. 


) 


1(2 
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PROGRESS  CHECK  INSTRUCTIONS 


This  progress  check  will  require  you  to  correctly  solve  a  minimum 
of  four  (4)  out  of  the  five  (5)  problem*  given.    This  should  be 
accomplished  ouch  in  the  same  manner (as  che  practice  problems.  The 
instructor  will  check  ana  initial  yo  r  work  aftti*  the  five  (5)  problems 
are  graded  and  passed.    If  you  have  missed  more  than  one  (1)  problem 
you  will  follow  your  lab  instructor  instructions. 

You  will  not  communicate  (talk,  etc)  &th  other  students  during 
the  progress  check  without  your  lab  instructor's  permission. 

You  will  not  use  fellow  students'  work  to  sol;  a  the  problems  In 
this  progress  check. 

You  should  satisfactorily  complete  this  progress  ';heck  before 
further  progression  to  other  lab  troubleshooting  progress  checks. 

Note:    If  any  part  of  the  answers  (cause  or  malfunction)  to  the 
trouble  switch  #  is  wrong,  the  instructor  will  mark  the  whole 
trouble  switch  entry  incorrect.    This  means  YGU  will  have  to 
find  what  part  or  parts  of  the  cause  or  malfunction  is 
incorrect  for  that  trouble  switch,  when  mark* i  incorrect. 

REMINDER:    BEFORE  you  place  any  tr*  able  switch  to  the  IN 
position,  be  sure  the  four  (4)  control  switches  on  the  front  of 
the  trainer  are  set  as  indicated  below* 

MANIFOLD  V/  '  £  SWITCH   OPEF 

MASTER  SWITCH   PRESSURE 

BLEED  SELECTOR  SWITCH   ALTERNATE 

MANUAL  SWITCH   CLOSE 
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Student  complete  the  following  (print). 
STUDENT'S  NAME:  


Last 

DATE  PROGRESS  CHECK  STARTED: 


Tint 


PROGRESS  CHECK 

Troublt 
Switch  # 

MALFUNCTION 

CAUSE 

TYPE  OF  TROUBLE 

WIRE  NUMBER (5 )_ 

1 

LIST  OF  POSSIBLE  MALFUNCTIONS 
(There  can  be  more  than  one  malfunction  for  each  problem) 

A.  Body  crossover  manifold  valve  will  not  open. 

B.  Body  crossover  manifold  valve  will  not  close. 

C.  Body  crossover  manifold  valve  will  not  operate. 

D.  Body  crossover  manifold  valve  runs  backwards  (reverse). 

E.  Strut  #3  bleed  valve  will  not  open. 

F.  Strut  #3  bleed  valve  will  not  close. 
Strut  #3  bleed  valve  will  not  operate. 

H.  Strut  #3  bleed  valve  runs  backwards  (reverse). 

I.  Modulating  valve  will  not  open. 
J.  Modulating  valve  will  not  close. 
K.  Modulating  valve  will  not  operate. 

L.      Modulating  valve  runs  backwards  (reverse). 

Before  you  have  your  instruc-.or  check  your  work,  recheck  your 
own  wo.k  like  you  did  in  the  practice,  problems. 


Instructor's  Initial: 


Grade : 


on  cump iete 


progress  cnecK* 


Whether  you  fail  this  progress  checic  or  not,  you  vill  follow 
the  instructions  of  the  lab  and/or  classroom  instructor (s)  at  this 


time. 


ill 
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[f  you  have  satisfactorily  completed  the  progress  check,  store 
your  multimeter  and  trainer  in  the  following  way. 

Pull  out  all  the  circuit  breakers  (S)  each. 

Place  the  Manifold  valve  switch  to  the  CLOSED  position. 

Place  the  Master  switch  to  the  RAM  position. 

Place  the  Bleed  Selector  switch  to  the  NORMAL  position. 

Place  the  Manual  switch  to  the  CLOSE  position  (centered). 

Place  all  Trouble  switches  to  the  OUT  position. 

The  small  switch  that  is  not  labul-d  near  the  top  of  the 
other  trouble  switches;  be  sure  it  is  Li  the  UP  position. 

8.  Insure  all  your  training  literature,  pencils,  etc.,  are 
taken  with  you  when  you  leave  the  lab. 

9.  Insure  your  trainer  and  the  area  around  it  is  clean  before 
you  leave  the  lab. 

10.      Check  with  the  lab  instructor  before  you  leave  the  lab. 


NOTE:  DID  YOU  LEAVE  YOUR  MULTIMETER  SET  ON  OHMS?  IF  YOU 
HAVE,  GO  BACK  AND  CHANGE  IT. 
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1  \  \     .  ' 

FOREWORD 

Thli  progressed  t«ct  is  d««lgn«d  for  u..  in  eh.  3ABR42231  Court.,    Th«  average 
tla.  raquir.d  to  coapl.t.  thi.  t.xt  w..  1  hour  .nd  2*  ainutea. 

^  /  OBJECTIVES 
Aft.r  coapl.ting  thi.  progressed  t.xt,  you  will  be  able  to: 

1.  Stat,  tha  diff.r.nc.  b.tw..n  inaui.to.J,  conductor.,  .nd 
seaieonductors . 

2.  Stat.  th.  purpo..  and  identify  th.  .yabol  of  •  PN  junction  -«<<vte. 

3.  S«J*ct  at.tea.nt.  that  d.fin.  the  diff.r.nc.  b.tween  forward  and 
r.vara.  biae  .  - 

4.  St.t.  th.  purpo. •  »nd  id.ntify  th.  ayscol  of  .  Zener  diode. 

3.    St.t.  th.  purpo..  and  id.ntify  the  .ymbol  of  .  tr.nsi.tor. 

6.    Select  at.tea.nt.  thit  dwcrib.  th.  r.quireaents  "or  s  transistor 
to  conduct. 

  STANDARD  OF  PERFORMANCE 

lie  student  will  deaonstr.t.  his  knowledge  of  the  objectives  by  correctly 
aneweving  12  out  of  13  qus.tiona. 

INSTRUCTIONS 

Thi.  prog  aa  t.xt  pr...nt.  inforaation  in  sa.ll  sic?a  "Had  "frsmes."  After 
fach  fr.L  you  .r.?-k.d  to-ctaplat.  .  at.fa.nt  or  ».tch  aca.  at.  «nt. 
R..d  th.  «.t.ri.l  pr...nt.d  and  a*,  your  raaoona.  a.  "'XJ*;^"  ^ 

r*rSp^ffii*ea!K.y "  jstjss  f.\n°cor"::triBr::rtur'thn. 

it£j$t  S.  tfo^'.Son.orr.ct.  Vic.  the  correct  to  your 

origin.1  r..pcnaa  «d  th.n  proc.d  to  th.  n.xt  fr.su..  If  ""'"J^0". 
a.y  go  b.ck  to  *.ck  inforaation  pr.viously  giv.n,  but  do  not  skip  th  .. 

INTRODUCTION 

Solid  st.t.  d.vic.s  .r.  a'niatur.  .l.ctronic  coapon.nt.  u.a d  to  control  or 
aaplify  current  in  .n  .l.ctronic  circuit     Th.  solid  st.t. 

bYdaecrib.d  in  thi.  t.xt  .r*  FN  junction  diodes,  Z.n.r  diodes,  .nd  translators. 


lup.ri.aa.  3ABR42231-PT-113,  II  Octeb.r  1972,  which  my  ba  usad  until  .xisting 
stocks  ars  exhaustsdt 
OPRl  TAB 
DISTRIBUTION l  X 

TAB  -  150 |  TTVOC  -  1 
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Th.  PN  lunction  diode  is  used  in  slmost  every  temperature  concrol  circuit. 
J!?«  text  will  describe  how  the  PN  Junction  diode  is  constructed,  how  it  reacts 
to  changes  in  current  flow,  end  its  purpose  in  today's  temperature  control 
circuits. 

The  Z«ner  diode  is  stellar  to  the  PN  Junction  diods,  except  that  its,  function 
in  a  circuit  is  different.    This  text  will  explain  how  the  Zener  diode  is 
used  as  a  control  device  end  how  it  is  used  to  regulete  voltage. 

The  transistor  also  operstesSn  the  sane  principles  as  the  PN  Junction  VJiode. 
In  this  text  you  will  be  shown  how  the  transistor  operstes  and  h£tr^4  is 
used  in  a  tempereture  control  circuit , 

Understsndinf  the  operating  principles  of  these  three  devices  Is  very 
lmportsnt  when  studying  the  operation  of  temperature  control  systems. 


* 


ii 
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If  Of    FRAME  1 


)  To  underatend  the  principles  of  aolid  state  devices,  we  must  h*ve  a  short 

review  o£  slsctron  th»ory.    An  atom  is  msds  up  of  PROTONS ,  NEUTRONS ,  and 
ELECTIONS.    The  protons  and  neutrons  make  up  the  center  pert  of  the  etonx 
which  is  called  the  NUCLEUS.    The  electrons  ere  held  in  orbit  around  the 
nucleus.    This  is  shown  in  the  sketch  below.    Electrons  have  a  negati  e 
charge  and  protons  have  a  positive  cherge.    The  neutrons  ere  neutral,  whi 
mesne  they  heve  no  electrical  charge. 


NUCIEUS  ' 
MOTONS 
NCUTftGNS 


CliCTlONS 
IN  OtsIT 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Atoms  ere  composed  of  »   — .»  40 

2.  Electrons  have  a  '  

3.  Protons  have  a  charge. 

4.  Elec irons  orbit  around  the  of  an  atom. 

5.  Proton  and  neutrons  make  up  the   of  an  i 
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1 1                                                                              electrons          2.  negative 
Answers  lo  franc  1:     1.    pro  tony         neutrons         electrons  _s  

3.    positive         A-    gucUf         5-  "HSiSiS. 


FRAME  2 


.,....(,„,  orbiting  around  their  nuclei. 
In  sone  materials  the  .ton.  have  many  elect      ^  ^  nucleu9t    This  will 
Some  of  the.,  electron,  are  in  orbit.  aton  t<j  another.  nm„ 

make  it  eaaier  to  get  the  electron,  to  rxw  othe  materials 

material,  are  .aid  to  have  "fret |«*£J£-f  J*  These  material,  are  said 
tend  to  resi.t  the  effort,  toward  electron 
to  have  aloo.t  no  free  electron.. 

-Lctrona  ia  *  conductor  of  electricity.  Some 
A  material  th.t  has  many  free  «l«ctronV ™      d      ld#    ^  .  volt.g,  i9  applied 
example,  of  conductor,  ".  copper    tllw.         ■  ^  ^  ^ 

co  a  conductor,  the  free  J£  ~at  contsln  .iBOst  no  free  electron. 

paper.    These  Wterials  will  oppose  current  flow. 

Fill  in  the  blanks  to  complete  the  following  statements. 


1.  '  An  insulator  contains  almost  no    electrons 

2.  Conductors  contain  many  electrons., 

3.  Normally'  current  will  not  flow  through  an   

4.  Copper,  gold,  and  silvei  are  some  examples  of   


5.     Current  flow  is  the  movem-nt  of    through  a  conductor. 


2 


Answers  to  frame  2:    1*    free         2.    free         3.    Insulator        4.  conductors 


5.  electrons 


FRAME  3 

Let's  go  on  with  our  review  of  atomic  structure  and  learn  a  new  term.  In 
each  atom  there  are  a  specific  number  of  electrons  that  orbit  the  nucleus. 
These  electrons  will  be  divided  into  a  definite  number  of  orbital  paths. 
The  actual  number  of  electrons  and  the  number  of  orbital  paths  will  change 
with  the  types  of  material  used.    This  fact  in  shown  in  the  sketch  in  this 
*  frame.    The  number  of  orbits  will  depend  on  the  number  of  electrons,    In  a 
balanced  atom,  the  number  of  electrons  will  be  equal  to  the  number  of 
protons.    Note  the  number  of  electrons,  protons  and  orbits  in  the  sketch 
shown  • 

The  electrons  in  the  outermost  orbit  are  called  VALENCE  electrons.    As  we 
explain  the  principles  of  solid  state  devices  we  will  be  concerned  with 
these  valence  electrons.    Remember  this  term  and  that  ^these  are  the 
electrons  in  the  outermost  orbit. 

A  stable  atom  will  have  eight  valence  electrons.    The  maximum  number  of 
valence  electrons  in  any  atom  is  eight.    Some  atoms  may  have  less  than 
eight  valence  electrons  but  never  more. 

1  ORBIT  2  ORBIT  3"oRBIT 


Fill  in  che  blanks  to  complete  the  following  statements. 

1.  The  electrons^in  the  outermost  orbit  of  an  atom  are  called   

electrons.  *as» 

2.  The  maximum  number  of  electrons  in  the  outer- osc  orbit  of  an  atom  is 
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Answers  to  frame  3: 


1. 


valence 


2.  eight 


/FRAME  4 


-  The  two  basic  materials  used  in  the  construction  of  solid  state  devices  are 
tenanlum  and  silicon.    The  electron  structure  of  these  atoms  .s  shown  below. 

'  Note  that  the  germanium  contains  32  el.utrons  and  silicon  only  14  electrons. 
Now  note  the  number  of  valence  electrons  in  aach  of  these  atoms.    They  both 
have  four.    Our  discussion  on  'solid  state  devices  will  be  based  on  this 
point.    Because  each  of  these  materials  have  four  valence  electrons,  their 
application  to  solid  state  devices  is  similar.    For  thi*  reason  we  will 
use  germanium  in  this  text. 


GflMANIUM 


SILICON 


Fill  in  the  blanks  to  complete  the  following  statements . 
1.    The  two  baste  materials  used  in  the  construction  of  aolid  state  devi 


© 


2.    Germanium  and  silicon  are  similar  because  they  both  have  four 


o 
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Answers  to  frame  4:    1.    genaaniua  '      silicon       2.    valence  electrons 


y  FRAME  5 


Tn  fr.rn.  3  it  was  stated  that  an  atlff  U  stable  when  it  has  eight  valence 
llAlrZa     A  stable  atom  ha.  no  free  electrons.    When  a  group  of  germanium 

™  Joined  together  to  form  a  mass,  the  material  will  act  as  though 
atoms  are  joineo     s  because  the  valence  electrons  of  one  atom 

«ci «« «  »  » •>••  «i«ht  ••lence  «i«ctroM-  Thl" u  shoun  ln  the 

sketch  b«low. 


ATOM 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  A  stable  germanium  atom  is  one  with   electrons  in  the  valence 

orbit. 

2.  When  a  group  of  germanium  atoms  are  joined,  the  material  will  react  as 
if  the  atoms  were  
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Answers  to  frame  5: 


FRAME  6 


Solid  state  devices  are  made  from  materials  known  as  semiconductors.  A 
semiconductor  Is  a  man  made  substance.     It  is  made  by  joining  a  material 
that  has  a  different  number  of  valence  electrons  with  the  germanium.  The 
atoms  that  are  Joined  with  the  germanium  are  called  impurity  atoms.  The 
impurity  atoms  have  either  three  or  five  valence  electrons,    In  either 
case,  when  the  impurity  atoms  are  added  to  the  germanium,  the  stable 
state  of  the  germanium  is  changed. 

An  impurity  that  has  three  valence  electrons  Is  called  an  ACCEPTOR  atom. 
Some  examples  are-  aluminum,  indium,  and  gallium.    An  impurity  that  has 
flvg  valence  electrons  is  called  a  DONOR  ATOM.    Some  examples  are  arsenic, 
phosphorous ,  and  antimony.    In  the  sketch  below,  compare  the  valence 
electrons  of  the  donor  and  acceptor  to  the  germanium  atom. 


ACCEPTOR 


GERMANIUM 


DONOR 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.    Germanium  can  be  altered  by  adding 


atoms  . 


The  number  of  valence  electrons  in  a  donor  atom  is 


3.     The  number  of  valence  electrons  in  an  acceptor  atom  is 
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Answen  to  frame  6:    1.    impurity         2.    five        3»    th ree 


i//3 


FRAME  7 


Now  ltft's  see  what  change  the  donor  has  had  on  the  germanium,    when  the 
donor  atom  is  joined  with  a  germanium  atom,  four  of  the  electron*  of  the 
donor  join  the  germanium  aco*.    But  aince  the  donoc  atom  ha*  five  valence 
electrons,  one  is  Uft  free  to  move  in  any  direction.    The  material  now 
hai  an  excess  electron  which  will  give  it  a  negate  charge.    Because  of 
this    materia  containing  a  donor  impurity  is  cslled  N-type  material. 
The  sketch  below  shows  the  effect  of  joining  a  donor  atom  with  a  germanium 
atom. 


o 


GERMANIUM 


DONOR 


4  ♦  5=9  ELECTRONS  AVAILABLE 

4+-BEING  JOINED  ftY-*4  =  8  ELECTRONS  NEEDED 

1  FREE  ELECTRON 


N-TYPE 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  N-type  material  consists  of  germanium  combined  with  a 

2.  N-type  material  contains  a  charge. 

3.  A  donor  atoa  contains    valence  electrons. 


atom. 
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Answers  *r;*.n*" 


I  .  doru>r 


2 .  "^U^iJLy.1, 


i.  n 


FRAME  8 


Now,  let's  see  how  the  germanium  will  change  when  an  acceptor  impurity  is 
added  to  it*  When  tiw  acceptor  atom  ie  joined  with  *  germanium  atom,  the 
valence  orbit  will  have  seven  electrons*  Remember,  to  be  stable,  an  atom 
needs  eight  valence  electrons.  When  the  acceptor  atom  is  joined  with  the 
germanium,  it  leaves  a  space  where  one  more  electron  can  fit,  ^..is  space 
is  called  a  HOLE,  and  it  can  take  on  an  electron. 

The  last  frame  stated  that  an  atom  that  had  an  excess  of  electrons  had  a 
negative  charge.    In  view  of  this,  if  an  atom  lacks  an  electron,  it  must 
have  a  positive  charg*.    When  an  acceptor  is  joined  to  a  germanium  atom 
it  becomes  a  positively  charged  atom.    This  positively  charged  atom  (a 
material  that  has  holes)  is  called  P-type  material. 

The  sketch  below  shows  the  effect  of  combining  an  acceptor  atom  with  a 
germanium  atom. 


GFRMANIUM 

4 
4 


A 


s  © 


\ 


0 


P-TYPE 


ACCEPTOR 

4=8  ELECTRONS  NEEDEO 
3  =  7  ELECTRONS  AVAILABLE 

1  ELECTRO     SHORT  OF  BEING  BALANCED 


ri.ll  in  the  blanks  to  complete  the  following  statements. 

1.  An  acceptor  atom  has    valence  electrons. 

2.  P-Lype  material  has  a  _____   charge. 

3.  When  an  acceptor  atom  is  joined  with  a  germanium  atom,  it  leaves  a  space 
called  a 
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^Answers  to  frame  3:    1.    three         2.    positive         3.  hole 


■   f^AME  9 

Match  the  tens  given  in  column  B  with  the  statements  listed  'n  column  A. 
PUce  the  letter  that  identifies  the  correct  term  in  the  blank  provided. 
Column  B  has  more  responses  than  needed.    Select  only  ^  for  each  questio 

A  I 

1.    The  number  of  valence  electrons  A.  Nucleus 

in  a  stable  germanium  atom  is 


B.  Atom 

2.  The  materia]  used  in  solid  state 

devices  is  called  a  •  c-  Four 

3.  Electrons  in  the  outermost  orbit  D.  Semiconductor 
are  called  . 

E.  Electron 

4.  A  material  having  many  free 

electrons  Is  a  .  Eight 

5.  *ji  impurity  atom  having  thrae  u.     Valine*     I  ctrons 
valence  electrons  is  an 


atom. 


H .  Conductor 


An  impurity  atom  having  five  I.  Insulator 

yaience  electrons  is  a 

%  — * 

atcra. 


J.  Dcror 


The  particle  that  orbits  the  K.  Acceptor 

nucleus  of  an  atom  is  the 

L.  N-type 


8.    When  gennani'im  is  combined  with  M.  P-type 

an  acceptor  atom  it  is  calico 
material . 


( 


\ 

\ 
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(\nswers  to  frame  9:     1.  F 


7.  E 


2.  D 
8,  M 


3.  G 


FRAME  10 


Solid  state  devices  are  made  of  N-type  and  ?-rype  materials  joined  together. 
When  these  materials  are  joined,  as  shown  in  figure  A.  a  device  is  formed 
chat  is  known  as  a  PN  JUNCTION.     Because  these  two  types  of  materials  are 
joined,  a  "potential  barriei'1  is  formed  as  ahown  in  figure  B.     This  barrier 
will  oppose  electron  flow  until  the  right  voltage  potential  is  applied  to 
the  Junction.     This  voltage   is  known  as  BIAS  VOLTAGE.     Bias  voltage  is 
usually  DC,  and  Is  used  to  fix  or  set  the  current  flow  in  a  circuit, 
two  types  of  bias  used  are  FORWARD  a  i  RLVLRSE. 


rhe 


Barrier 


Figure  A 


Figure  B 


Fill    in  the  blanks  to  complete  the  following  statements. 

i.     The  voltage  used  to  adjust  the  current   flow   through  a  PN  junction  is 
Lulled  voltaic. 


When  P-tvpe  and   N-tvpe  material ^  arc  Joined 


the  unit 


^ed   is  known  as 
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Answer*  to  fraa*  10:    1.    blaa         2.    FN  junction 


nil 


FRAME  11 


Forward  bias  la  a  voltage  placed  on  the  PN  junction  In  such  a  way  that  It 
aida  current  flow.     The  sketch  below  shews  how  forward  bias  is  placed  on 
a  PN  junction*    Notice  that  the  negacive  pole  of  the  source  voltage  is  put 
on  the  N-type  material  and  the  positive  pole  is  put  on  the  P-type  material. 
This  type  of  bias  will  causa  the  like  charges  to  be  repelled  toward  the 
center,     rhe  repelling  action  of  the  like  charges  will  decrease  the  size 
of  the  potential  barrier.    When  the  barrier  has  been  decreased  enough 
current  will  flow  across  the  junction. 


current  mow 


FORWARD  BIAS 


Fill  in  the  blanks  to  complete  the  following  statements. 

1,  When  applying  forward  bias,  the  positive  pole  of  the  power  source  is 
connected  to  the    (negative/positive)  material. 

2,  'When  forward  bias  is  applied,   the  width  of  the  potential  barrier  

3,  Current  flows  through  a  PN  j  unction  whe^  bias  is  applied. 


11  113:) 


Answers  to  frame  11:     1.     positive  2.     decreases  3.  forward 


FRAME  12 

Reverse  bias  is  a  voltage  applied  co  the  PN  junction  in  such  a  way  that  it 
opposes  current  flow.    The  drawing  below  shows  how  reverse  bias  is  connected 
to  a  PN  junction.    Notice  that  the  negative  pole  of  the  source  voltage  is 
connected  to  the  P-type  material,  and  the  oositive  pole  is  connected  to  the 
..-type  material.    This  cyp^  of  connection  causes  the  electrons  in  the  N-type 
material  to  be  attracted  to  the  positive  pole  of  the  source,  and  the  holes 
in  the  P-type  material  to  be  attracted  to  the  negative  pole  of  the  source. 
This  causes  the  potential  barrier  to  increase  in  width  and  allow  little  or 
no  current  flow^a.ross  the  junction. 


o 


MINI N UM  OR  NO  CURRENT  FLOW 


0 


RE  v^r  St  3iAS 


Fiji  in  - "  e  b  I  anks  t »  j  c  o  np  1  e  r  e  the  foil  ow  i  ng  state  tru? 1  t  -  . 


1.     The  width  of  trie  potential  barrier  is   inc„r^3sed  vh*-n 
is  applitri. 


r«  l  as 


!.     Reverse  cias   T's  conr.tr  .led  to  rh*»  ?xl  j'.ncti* 


,urreat  flow. 


n  3t     U  WilJ. 


3.     Vhe-  35plyin^  revttse  bi^s,   tne  negative  p<    ^    n  tne  power  s^ur,  e  iz. 
ror.nec  ted  to  Me  fnegat  1      ' po*=  \  t  ^  ,v )  xar^r^al. 
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Answers  to  fram  12.    I.    reverse         2.    oppose        3.  positive 


FRAME  13 


When  the  PN  Junction  is  used  in  an  electrical  circuit  it  is  called  a  2I2£L. 
A  diode  is  a  tvo  element  unit,  consisting  of  an  EMITTER  and  a  COLLECTOR, 
rhe  emitter  is  the  H-t.  pe  material  which  emits  electrons.    The  collector 
is  the  P-type  Mtnrlsl  which  accepts  electrons.    A  diode  is  used  in  an 
electrical  circuit  to  allow  current  flow  in  one  direction  only. 

The  electrical  s/mbol  for  the  diode  is  shown  in  figure  A  below.  Current 
flow  is  always  against  the  arrow.     Figures  B  and  C  shows  how  bias  effects 
current  flow  in  the  diode. 


COLLECTOR 


CURRENi  FLOW  IS 
AGAINST  THE 
ARROW 


NP 


FORWARD  BIAS- 
MAXIMUM  FLOW 


REVERSE  BIAS- 
LITTLE  OR  NO  FLOW 


Figure  A 


Figure  B 


Figure  C 


Fill  in  the  blanks  to  complete  the  foiled:.*  statements. 
1.    When  a       junctio-  is  used  In  an  elec  rical  circuit,  it  is  called  a 


4, 
5. 
6. 


The  two  elements  of      diode  are  the     xl  tter  anu  • 

A  diode  is  used  to  allow  current  flow  in    

Current  flow  though  a  diode  is  always  _  .  _  the  arrow. 

The  N-type  material  is  the  _   _  (amitter/ collector; . 


A  dinde  will 


current   m  one  diie     ion  i?ut  will 


current  to  flow  in  the  other  dirr  "ion. 


only . 
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Answers  to  frame  13:     J.     diode         2.     collector         3.    one  direction 


against         *      emi  tter         h-     block ,   1  e t  or  al  low 


FRAME  14 


Changin3  alternating  current  to  direct  current  if  known  as  RECTIFICATION. 
When  one  diode  is  placed  in  an  AC  power  supply  circuit,  it  will  l*t  current 
flow  on  one  half  of  the  alternation  orly.    Thi-       called  HALF  WAVE  recti- 
fication, for  this  reason,  the  diode  Is  called  a  half  wave  rectifier. 

now  -let 1 s  trace  the  current  flow  in  figure  A  to  see  how  the  diode  rectifies 
it.    On  one  half  cycle  (note  arrow  1),  the  diode  is  forward  Mased.  Current 
flow  is  from  negative,  through  the  lo-d,  through  the  diode,  aid  back  to 
positive.    On  the  other  half  cycle  (note  arrow  2),  the  diode  is  reverse 
biased.    Current  will  try  to  flow  from  the  negative  to  the  positive,  but 
it  cannot  get  through  the  diode.     Remember,  current  only  flows  through  a 
diode  when  it  is  forward  biased.    Therefore,  the  load  (light)  does  not 
burn  steadily,  but  will  flash  (pulsate)  every  half  cycle.    Note  in 
figure  B,  the  sine  wave  for  the  AC  input  as  compai^a  to  the  pulsating  DC 
output/--*  '  \ 


Fill  in  the  b 1 ^nks   Co  complete  the  following  statements. 

1.     When  one  diode  is  used  in  an  *C  circuit,   it  is  c  *  led  a  wave 

r  ct x f ier . 


A  half  wave  rectifier  changes  alternating  current  to 
cur  rent  - 


direct 


ERLC 
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Answers  to  frame  14:    1.  half 


2*  pulsating 


//;/ 


FRAML  15 


To  change  *C  to  a  continuous  DC  output  requires  a  FULL  WAVE  rectifier.  By 
using  either  two  or  four  diodes,  the  alternating  current  can  be  rectified 
to  provide  an  almost  continuous  dia^fect  current.    Let's  crace  the  path  of 
current  flow  through  the  circuit  in  figure  A.    On  one  half  cycle,  diodes 
1  and  2  are  forward  biased,  while  diodes  3  and  4  are  reverse  biased. 
When  the  source  is  negative  at  point  jA,  tu«s  current  flows  through 
diode  1,  then  through  the  load,  through  diode  2,  ^Pld  back  to  the  positive 
potential  at  the  source.    On  the  other  half  cycle,  diodes^3  and  4  become 
forward  biased  and  diodes  1  and  2  become  reverse  biased,    Slow  current  flows 
from  the  negative  potential  at  point  B,  through  diode  3,  though  the  load, 
through  diode  4,  and  back  to  the  source. 

With  the  full  wave  rectifier  in  figure  A,  there  is  a  continuous  flow  of 
current  through  the  load.    Notice  that  this  current  flow  is  always  in 
the  same  direction.    Compare  the  sine  waves  of  the  AC  input  to  the  DC 
output  shown  in  figure  B.     A  filter  network  consisting  of  capacitors ,  coils 
and  resistors  would  be  used  ro  smooth  ouL  the  DC  ripple  effect  of  figure  B. 
Note  in  figure  C  the  outpu,  effect*  using  capacitors,  coils  and  resistor 
arrangement . 


LOAD 


A  C  <NPUT 


0  C  OUTPUT 


Figure  A 


/  PURE  DC  OUTPUT 


Fig  - 


Figure  B 


Fill  in  the  blanks  to  complete  the  following  statements 


1.    When  four  diodes  are  used  in  an  AC  circuit,  it  is  called  a 
wave  rectifier. 


2.     A  full  wave  rectifier  will  allow  current  flow  through  ttxe  load  during 
  (one/both)  half  cycles. 


3.    When  a  full  wave  rectifier  i>  iBed,  the  current  flow  through  the  load 
is  in  the  direction. 


15  U  43 


Answers  to  frai«  1:     full         2.    both         3.  same 


FRAME  16 


A  ZENER  Diode  is  a  special  kind  of  diode  specifically  designed  for  us*  as  a 
voltage  regulator.    The  schematic  symbol  for  a  Zener  diode  is  shown  in  figure 
A  below.    On  this  illustration  you  will  note  that  current  flow  is  in  the 
opposite  direction  to  that  of  the  normal  diode  as  shown  in  figure  Be  Current 
flow  in  a  Zener  diode  is  with  the  arrow  point.    The  Zener  diode  when  hooked  h 
a  circuit  will  not  allow  the  electrical  circuit  to  be  completed  until  it 
absorbs  a  certain  preset  voltage.     By  this  token  we  say  the  Zener  diode  in 
reality  is  a  voltage  regulator. 


V 


+ 


+ 


Zener  Diode 
Current  Flow 


Normal  Diode 
Current  Tlow 


Figure  A 


Figure  B 


•Bill  in  the  blanks  to  complete  the  statements 


c 


I  .     Zener  diodes  are  used  as 


regulators  . 


2.     Current  flow  In  a  Zener  is  (with/agains  t)  the  arrow. 


3.     Draw  in  arrow  under  the  schematic  symbol  which  shows  the  direction  of 
current  flow  , 


ERIC 
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Answers  co  £r<ums  15: 

6 


FRAME  17 

Match  the  terms  given  in  column  B  with  the  statements  listed  in  column  A. 
Place  the  letter  that  identifies  the  correct  term  in  the  blank  provided. 
Column  B  has  more  responses  than  needed.    Select  only  one  for  each  question. 

A  B 

1.  The  device  used  as  a  voltage  A.  Rectifier 
regulator  is  a  . 

B.  AC*  voltage 

2.  When  reverse  bias  is  applied 

tc  a  PN  jucntion,  it  results  C.    Reverse  bias 

in  . 

D.     Forward  bias 

3.  Biasing  a  PN  junction  effects 

the  width  of  the  .  E.     Potential  barrier 

4.  A  circuit  that  changes  AC  to                 F.  N-type  material 
pulsating  DC  is  a  _            circ*  it. 

C.  P-type  material 

5.  To  have  currert  flowing  through  a 

diode  requires  .                        H.  Zener  diode 

6.  The  part  (material)  of  the  diode  that  I.    Maximum  current  flow 
serves  as  the  collector  is 

the   .  J«     Minimum  current  flew 

7.  When  forward  bias  is  applied 

to  a  diode,  it  results  in  . 


8.    The  part  (material)  of  the  diode 
that  serves  as  the  emitter  is  the 


Answers  to  frame  17:     1.  H 


2.  J 
8.  F 


4.  A 


5.  D 


6.  C 


FRAME  lb 

Thus  far  the  PN  junction  diodes  have  been  described.     These  diodes  consisted 
of  P-type  and  an  N-t/pe  material.    When  another  N  or  P-type  material  is 
added  to  the  diode,  it  becones  a  triode  (three  element)  TRANSISTOR,  In 
modem  day  electronics,   transistors  are  primarily  used  as  amplifiers  and 
relays.    They  are  replacing  v^uum  tube3  and  conventional  relays.  The 
reason  is  that  transistors  are  smaller  and  lighter  than  tubes  or  relays. 
They  also  have  no  moving  parts  to  weai  out  from  excessive  use.     Thus,  the 
transistor's  life  span  is  longer.     The  two  Hasic  types  of  transistors  are 
NPN  and  PNP      The  block  symbol  tor  each  is  shown  in  figure  A  and  B  below. 


Block  Symbol  for  an 
NFN  Traiisistor. 

Figure  A 


Block  Symbol  for  a 
PNP  Transistor. 

Figure  B 


Fill  m  the  blanks  to  complete  Lhe  following  statements, 
i.     A  confcination  of  three  N  and  P  v  '  erials  joined  together  forms  a 


2.     Transistors  can  be  used  as  amplif  _ers  or 


ERLC 


LB 


il-lK 


Answers  to  frame  18:    1.  transistor 


relays 


FRAME  19 

Both  NPN  and  PNP  transistors  arek  used  in  temperature  coijkrcl  systems.  The 
PNP  transistor  consists  of  two  end  sections  of  P  material  and  one  center 
section  of  N  material.    These  materials  are  bonded  together  to  form  one 
oevice.    In  this  process  we  actually  have  two  PN  junctions.    This  also 
forms  t\*o  potential  barriers,  a  potential  ba^pteri^tween  each  of  the  PN 
junctions.    Note  the  barrier  regions  in  the  blorfc  symbol  shown  in  figure  A 
below.  ( 

When  a  PNP  transistor  is  used  in  an  electrical  circuit  it  is  identified  by 
the  symbol  shown  in  figure  B. 


EMMfTTC 


couectot 


block  Symbol  of  a  pnp 

Figure  A 


•a$e-~  N 

ELECTRICAL  SYMBOL  OF  A  PNP 


Figure  3 


/E^ONSE  REQUIRED 
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~"\ME  20 


The.  NPN  transistor  consists  of  two  end  sections  of  N  material  and  one  center 
section  of  P  material.    This  is  shown  in  figure  A.    Note  that  this  also  for™ 
two  PN  junctions  and  two  potential  barriers. 

Figure  A  Is  the  block  symbol  for  an  NPN  transistor.     However,  when  an  NPN 
transistor  Is  used  in  an  electrical  circuit,  it  is  identified  by  the  symbol 
shown  In  figure  B. 

The  theory  of  operation  of  PNP  and  NPN  transistors  iz  basically  the  same. 
In  the  remainder  of  this  text  we  will  l^ii-  our  discussion  to  the  NPN 
transistor.     The  NPN  transistor  is  the  type  used  in  most  envitonmental 
system  control  circuits. 


EMITTER  JH 


N  COLLECTOR 


Block  Symbol  of  an  NPN 
Figure  A 


BASE 


Electrical  Symbol  of  an  NPN. 
Figure  B 


NO  RESPONSE  REQULRLD 
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FRAME  21 


Electrical  diagrans  of  equipment  using  transistors  will  contain  only  the 
electrical  symbol  for  transistors.    The  words  or  letters  that  identify 
the  emitter,  base,  and, collector  are  not  used.    Therefore,  it's  important 
that  you  can  identify  the  sections  of  a  transistor  by  the  electrical  symbol 
only*    Th*  arrow  in  the  symbol  is  the  key.    The  arrow  always  identifies  the 
emitter. 


It  ale*  tells  you  whether  it's  an  NPN  or  PNP.    Notice  in  figure  A 
transistor)  that  the  axro*  points  out.    Then  notice  in  figure  B  (PNP 
transistor)  the  arrow  points  m.    If  the  anrow  is  NOT  POINTING  IN,  it's 
an  NPN  transistor.    The  center  section  is  the  BASE,  and  the  remaining  section 
is  the  COLLECTOR. 


( NPN 


EMITTtt 


CCUtCTOI 


eMlTTEt 


IAS* 


Electrical  Symbol  for 
an  NPN  Transistor, 


COUECTOt 


Electrical  Symbol  for 
a  PNP  Transistor, 


Figure  A 


Figure  B 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.    The  three  sections  of  a  transistor  are  called 
and 


2,  The  section  of  a  transistor  that  controls  th  %.  current  flow  through  it 
is  called  the  . 

3.  In  the  electrical  symbol  of  a  transistor,  the  emitter  is  signified  by 
an 


4,     In  an  NPN  transistor,  the  first  N  is  the  emitter  and  the  second  N 
is  the 


9 
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Answers  to  frame  21:     1.    base  emitter 

4 .  collector 


collector 


base 


FRAME 


Havini  leirned  that  a  transistor  has  an  emitter,  base,  and  collector,  we  can 
now  talk  about  how  it  works.    There  must  be  a  positive  signal  put  on  the  L-si, 
a  negative  signal  put  on  the  emitter,  and  a  positive  sigrtal  put  on  the 
collector.    These  are  shown  in  the  sketch  below.    With  these  signals,  the 
transistor  is  forward  biased.    As  you  recall  from  frame  10,  bias  is  a  voltage 
that  is  used  to  fix  or  .set  the  current  flow  in  a  circuit.    The  sketch  below 
shows  the  biasing  of  a  transistor.    Note  that  the  emitter  is  pure  negative 
while  the  base  is  1.5  volts  (+)  positive.    The  collector  circuit  has  a  (+) 
positive  voltage  potential  of  4.5  volts.     It  could  be  said  that  in  order  to 
forward  bias  the  NPN  transistor  the  emitter  must  be  (-)  negative,  the  base 
(+)  posit     i  and  the  collector  at  an  even  higher  (+)  positive  potential. 


45  V  + 


_    SA56/COL  CTOR 


FOtWAftO  HAS 
CMITTER/IASE 

For  the  transistor  to  conduct,  forward  bias  is  a3 ways  applied  between  the 
eml  tter  and  base  . 

Fill   in  the  blanks  to  complete  the  following  statements. 
1-     Forward  bias  is  always  applied  between  the    and  . 


2.     A  transistof  is  forward  bias    '  when  the  positive  signal  is  applied  to 
the  \ 
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Answers  r.o  frame  22: 


emitter 


base 


base 


Ml 


FRAME  23 


The  signal  put  between  the  base  and  emitter  controls  thi  currepc  flow  that 
goes  from  the  emitter  to  the  collector.    When  the  signal  put  Ojfi  the  base 
i3  more  positive  than  the  emitter,  the  transistor  is  forward  Mased.  This 
will  reduce  the  potential  barrier  and  allow  current  to  flow  from  the  emitter 
to  the  collector.    Figure  A  shows  the  transistor  forward  biased.  Current 
flows  from  the  negative  emitter  to  the  positive  base.    However,  because 
the  collector  is  always  more  positive  than  the  ^ase,  most  of  the  current 
flows  through  the  base  to  the  collector. 

In  figure  B,  the  bias  signal  to  the  base  is  negative  in  respect  to  the 
emitter.    This  is  a  reverse  bias.    This  negative  signal  (reverse  bias 
between  the  base  and  emitter)  will  increase  the  potential  barrier  and 
stop  current  flow  throi^h  the  emitter-collector  circuit.    When  biasing 
an  NPN  or  PNP  (forward  or  reverse)  you  bias  the  transistor  between  the 
emitter  and  base. 


FORWAKO  HAS  ICVERSC  HAS 

Figure  A  Figure  B 

Fill  in  the  blanks  to  complete  the  following  statements. 
1.    Current  flows  across  a  transistor  only  when  the  base  is 


2.  With  a  negative  signal  applied  to  the  base,  current  flow  across  the 
transistor  . 

3,  Current  flow  through  a  transistor  is  controlled  by  the  signal 
applied  between  the  emitter  and  . 

A.     When  forward  biasing  an  NPN  transistor,  you  would  bias  it  between 
the  an4' 
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Answers  to  frame  2J:     1.    positive         2.    3 tups  3.  base 

4.     emitter  and  base 


FRAME  24 

This  sketch  shows  how  a  transistor  is  used  as  a  RELAY.    The  bridge  circuit 
has  put  a  positive  signal  on  the  base  of  the  transistor.    This  will  increase 
the  forward  bias  of  the  emitter-base  circuit.    With  this  increase  in  forward 
bias,  th'    -ransistor  will  conduct.    With  the  transistor  conducting,  a  cir- 
cuit is  completed  between  ground  (point  A)  and  the  circuit  breaker  (p9int  B) . 
Current  flows  from  ground,  through  the  transistor,  to  the  positive  source  at 
point  B.    When  the  transistor  is  conducting,  the  valve  motor  runs.    When  the 
bridge  signal  changes  -to  negative,  the  base  of  the  transistor  also  becomes 
negative.    This  will  increase,  the  reverse  bias  and  the  transistor  will  stop 
conducting.    The  current  flow  in  the  motor  will  now  stop  and  the  motor  will 
no  longer  run.     In  this  circuit,  the  transistor  is  used  as  a  relay  to  control 
the  operation  of  the  motor. 


positive  input 
signal  mom  the 

SftfDGE  CIRCUIT 


VALVE 
MOTOR 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  the  forward  bias  is  increased  the  motor  will   . 

2.  The  transistor  will  not  conduct  when  the  base  is  . 

3.  When  a  transistor  is  used  to  control  a  motor  circuit,  it  is  being 
used  as  a  * 


Answers  to  frame  24:    1.    operate         2,    negative        3,  relay 
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FRAME  25 

Match  the  terns  given  In  colusn  B  with  the  statements  listed  in  column  A. 
Place  tifct  letter  that  identifies  the  correct  term  in  the  blank  provided. 


1.  For  current  to'  flow  through  an 
tf?N  transistor,  a  positive  signal 
must  be  applied  to  the  • 

2.  A  transiscor  can  be  used  as  a  . 

3.  A  transistor  will  conduct  when 

there  Is   between  the  base 

and  emitter. 

4.  When  using  an  electrical  synbol 
of  a  transistor,  1/  the  arrow 
is  pointing  away  Qcom  the  base, 
it  is  a/ an   transistor. 

5.  The  emitter  of  a  transistor  is 
identified  on  the  electrical 
synfcol  by  the  ^ 

6.  The  solid  state  device  that 
contains  three  elements  is  a 


B 

A. 

Triode  transistor 

B. 

NPN 

C. 

Emitter 

D. 

Base 

E. 

Collector 

F. 

Arrow 

G. 

Forward  bias 

H. 

Reverse  bias 

I. 

Relay 

J. 

PNP 

Name  the  sections  of  the  transistor  shown  below 

7.   

8,  

9. 


10.    The  transistor  shown  in  the  above  illustration  is  (a  PNP/an  NPN) . 


9 
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Answer*  to  frame  25:    1.  D  2.    I         3.    G         4.    B         5.  F 

6.  A  7.    emitter         8.    base  '      9.  collector 

10.  NPN 
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:  FOREWORD 

This  programmed  text  has  been  prepared  for  use  in  Course  3ABR42331, 
Environmental  Systems  Mechanic.    The  material  contained  herein  has  been 
validated  with  30  students  from  the  subject  course.    28  of  the  students 
achieved  the  objectives  as  stated.    Average  time  for  completion  of  the  text 
is  4  hours  and  15  minutes. 

OBJECTIVES 

After  completion  of  this  programmed  text,  each  student  will  be  able  to: 

1.  Apply  bridge  circuit  principles  to  the  magnetic  amplifier 
temperature  control. 

2.  Apply  the  principles  of  magnetism  to  the  magnetic  amplifier. 

a.  Effect  of  aiding  and  opposing  magnetic  fields. 

b.  Application  of  the  left  hand  rule. 

3.  Describe  the  functions  of  the  magnetic  amplifier  windings. 

a.  Identification  of  each  winding. 

b.  Purpose  of  each  winding. 

c.  Effect  of  each  winding  in  the  circuit. 

4.  Trace  the  signal  for  operation  of  a  magnetic  amplifier. 
Standard  of  performance:  * 

The  s^uaent  will  demonstrate  his  knowledge  of  the  objectives  by 
correctly  answering*  II  out  of  15  questions'! 

INSTRUCTIONS 

This  text  presents  material  in <small  steps  called  "frames."  After 
each  frame  you  are  asked  to  nake  a  response.    Read  the  material  carefully 
before  you  respond.    The  answers  to  the  responses  for  each  frame  are  located 
1  at  the  top  of  theNfollowing  page.    If  you  select  the  correct  answers,  con- 
tinue to  the  next  fraae.    If  you  are  incorrect,  read  the  material,  again  and 
correct  yourself  before  continuing. 

* 

Note:     This  text  is  used  in  conjunction  with  an  overlay  transparency. 
If  you  do  not  have  this  transparency,  ask  your  instructor  for  it . 
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INTRODUCTION 

In  the  previous  lessons  on  air -conditioning  systems,  we  discussed  how 
the  air  temperature  is  controlled  by  positioning  the  temperature  control  valve. 
You  should  recall  that  the  position  of  the  temperature  control  valv*  can  be 
controlled  manually  by  the  pilot  or  automatically  by  the  temperature  controller. 
During  automatic  operation,  the  temperature  controller  positions  the  valve  as 
a  result  of  signals  sent  by  the  bridge  circuit.    But,  how  does  this  'signal 
from  the  bridge  circuit  actually  control  the  temperature  control  valve?  Tha^s 
what  we  shall  be  discussing  in  this  text. 

In  this  programmed  text  we  will  discuss  one  type  of  temperature  controller, 
the  magnetic  amplifier.    The  illustration  on  the  opposite  page  shows  the  complete 
magnetic  amplifier  temperature  coc^.rol  system.    The  area  labeled  "A"  is  the 
bridge  circuit,  the  area  labeled  "B"  is  the  magnetic  amplifier  section,  'and 
the  area  labeled  "C"  is  the  transistor  circuit.    As  you  study  this  text,  you 
will  learn  how  the  signal  goes  from  the  bridge,  to  the  magnetic  amplifiers, 
then  to  the  transistors.    The  transistors  control  the  turbine  bypass  valve.  In 
the  previous  lessons,  the  yalve  that  controlled  temperature  was  called  the 
temperature^control  valve.    In  this  system  it  is  called  the  turbine  bypass  valve. 
Its  purpose  Is  still  the  same,  that  is,  it  will  direct  the  bleed  air  either  into 
or  around  the  turbine. 

Study  the  diagram  and  identify  the  various  components.    From  previous 
lessons  you  should  recognize  the  symbols- for  the  power  transformer,  the  various 
diodes  and  transistors,  and  the  Zener  diodes  (VR-1,  VR-2,  and  VR-3).    The  donut 
•haped  units  in  section        are  the  magnetic  amplifiers.    As  you  study  the  text, 
eacfi  comment  and  its  function  in  the  circuit. will  be  explained.    We  will  take 
a  hot  signal  from  the^bridge  circuit  and  follow  it  until  it  causes  the  turbine 
bypass  valve  to  operate. 
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FRAME  1 


In  an  automatic  temperature  control  circuit  that  uses  the  signal  from  a 
bridge,  the  signal  must  be  amplified  (made  stronger)  before  it  can  control 
the  operation  of  a  temperature  control  valve.    This  is  the  purpose  of  the 
magnetic  amplifier.    It  will  increase  this  small  signal  from  the  bridge  cir- 
cuit until  the  signal  1*  strong  enough  to  actuate  a  relay  or  cause  a  transistor 
to  conduct*    Magnetic  a  plifiers  are  used  for  this  purpose  because  they  are 
small,  have  no  moving  parts,  and  give  off  very  little  heat.    These  are  impor- 
tant factors  for  an  aircraft  component. 

Note:    In  some  texts,  the  electrical  signal  from  the  bridge  circuit  id 
called       "error  signal. "    This  is  because  it  is  signalling  the  system 
that  there  is  *n  error  in  temperature  that  needs  correcting*  However, 
throughout  this  text  we  will  refer  to  the  signal  from  the  bridge  as 
simpl/  the  "signal." 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  purpose  of  a  magnetic  amplifier  is  to  take  a  

signal  and  make  it  stronger. 

2.  The  magnetic  amplifier  receives  the  signal  from  the  

circuit. 

3.  Advantages  of  the  magnetic  amplifier  are;  they  are  small,  have  no  4 
moving  ,  and  give  off  


4 


U  Go 


FRAME 


i  rHE.  THOSE" on  tnt  prlnciple  o£  •^•t1-'   l8t'-  »*•  ~ 

MSn'tiC,^1!a  that  "6  allke  (N  t0  N  or  S  t0  s>  wpal  or  opppee  each 

other.    If  tha  .agnatic  fiald  is  craatad  by  an  electromagnet,  thatlt  by 
a  coil  winding,  than  tha  agnatic  fiald  will  hava  a  direS  affac*  on  the 

TST .fir  ""t  *•  °f  6,16  coil  windin»'    Whan  two  "ila  .r.  u.ad 

on  the  sa»  core,  if  curren*  flowa  through  tha  windings  of  both  coilTin^ha 

If  tha  current  flows  in  one  direction  through  one  coil  and  the  opposite 
direction  in  the  second  coil,  tha,  will  havTun'ik.,  or  oJposUe^et U 

HST£t  2?  *"  ^  ?th€r*    Thi*  41,1108  °r  tppo-ln«  of  ^gnan^L 

£    °f  °!P06e  furWBt  flOM  ehxou*  th«  coil-    ai.  £  an  iSortant 
point  in  understanding  the  operation  of  a  magnetic  aiaplifier.  ^ 


Fill  in  the  blanks  to  complete  the  following  statements: 

1.  J  Unlike  magnetic  poles  will  _(aid/oppoae)  each  other. 

2.  If  current  flow^in  the  same  direction  through  two  coils  that  use 
tha  same  core,  the  magnetic  poles  will   (aid/oppose)  each  other. 

3.  If  current  flows  in^opposite  directions  trough  two  coils  that  use 
the  same  core,  the  magnetic  polea  will  be  (alike /unlike)  and 
Wl11  7            («id/oppoaa)  current  flow  through  the  windings . 
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Answers  to  Frame  2:     L,     aid       2,     oppose        3.    unlike  aid 

FRAME  3  i   

Tracing  current  ftow  through  the  magnetic  amplifier  requires  us  lo  determine 
the  magnetic  polarity  of  various , coils  .    To  ao  this  we  must  use  the  left  hand 
rule.    T\\o  way  to  use  the  left  hand  rule  is  illustrated  below.    If  yo^raajT' 
the  coil  with  your  left  hand  so  that  your  fingers  follow  the  coil  windings 
and  current  flow  through  the  windings,  your  thumb  will  point  toward  the  North 

pole.    The 'other  end  of  the  coil  is  the  South  pole.    This  is  how  you  can~  

determine  ail  of  the  magnetic  poles  of  the  windings  in  a  magnetic  amplifier. 
After  you  determine  the  magnetic  polarity  of  the  windings,  then  you  can  deter- 
mine if  the  windings  aid  or  oppose  each  other.    This  also  allows  you  to  deter- 
mine if  current  will  flow  through  the  Winding. 


Left-Hand  Rule. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      Magnetic  poles  of  all  the  windings  in  a  magnetic  amplifier  can  be 
determined  by  using  the   


2.  When  using  the  left  hand  rule,  your  thumb  will  point  to  the 

pole. 

3.  When  using  the  left  hand  rule,  your  fingers  should  follow  :he 
 \                    flw  through  the  windings  . 


//yo 


Answers  to  Frame  3: 


left  h$nd  rule 


north 


current 


FRAME  4 


When  using  the  left  hand  rule,, be  sure  that  you  follow  the  wire  around  the 
core  correctly.    If  you  don't  the  magnetic  poles  that  you  determine  will  be 
Incorrect.    The  illustration  below  shows  how  a  wire  runs  over  or  under  a  core 
When  using  the  left  hand  rule,  be  sure  your  fingers  are  following  current  flow 
from  negative  (-)  to  positive  >(+)  and  they  should  run  either  over  or  under 
the  core  the  same  way  the  wire  does. 

Determine  the  polarity  of  the  coil  in  the  illusr 


win  iuns 

UMOFt  THf  COH 


WIM  tUNS  ovgt  con 

•  -SIS 

Determining  Coil  Polarity  . 

If  you  determined  that  north  is  at  the  top  and  south 
are  correct. 

Draw  in  the  magnetic  poles  for  each  illustration. 
l<  2. 


at  the  bottom,  you 
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Answers  to  Frame  4: 


I. 


2. 


FRAME  5   

A  basic  magnetic  amplifier  contain  a  octal  core,  shaped  like  a  donut,  with 
wire  coils  wound  around  the  core.    T>e  core  is  a  material  that  can  be  easily  T 
magnetized.    The  core  is  circular  (donut)  shaped  because  this  design  provides 
a  better  magnetic  field. 

The  diagram  belcw  illustrates  a  magnetic  amplifier  with  three  separate  windings. 
These  are,  the  gate  winding,  the  bias  winding,  and  the  control  winding.  Each 
of  the  windings  has  a  specific  function  in  the  operation  of  the  magnetic  \ 
amplifier  and  in  overall  operation  of  the  temperature  controller.    The  direction 
that  current  flews  through  the  windings  is  the  controlling  factor  of  the 
magnetic  amplifier. 


Basic  Magnetic  Amplifier. 


No  Response  Required 


FRAME  6 


Before  tracing  the  signal  through  the  temperature  controller,  you  need  to  know 
the  purpose  of  each  of  the  three  windings,  how  they  operate,  and  how  each  one 
affects  the  tther.    We'll  begin  with  the  bias  winding. 

The  bias  winding,  illustrated  at  the  right, 
used  direct  current  (DC)  power.  This 
means  that  current  will  always  be  flowing 
in  the  same  direction  through  the  winding. 
The  polarity  of  this  winding  is  shown 
in  the  Illustration.    Since  power  for 
the  bias  winding  is  DC  and  it's  always 
flowing  In  the  same  direction,  then  the 
magnetic  polarity  will  always  be  the 
same.    The  purpose  of  the  bias  winding 
is  to  establish  a  fixed  control  point 
at  which  the  gate  winding  can  be  triggered. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  windings  in  a  magnetic  amplifier  are  wound  areouud  a   

core. 

2.  The  bias  winding  operates  on  (AC/DC)  current. 

3.  The  magnetic  pcles  of  the  bias  winding  will  always  be  the  gate 
winding  because  the   flow  is  always  in  the  same  direction. 


IIAt  WtMSlMO 


WW—*  *o< 
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Answers  to  Frame  6:    1.    metal       2,  *DC       3.    same  current 

FRAME  7  I 

"  e  gate  winding  controls  power  from  the  amplifier  to  the  load.    The  power 
supply  for  this  winding  is  from  an  AC  (alternating  current)  source.  However, 
the  current  flow  through  the  windings  is  DC.    The  AC  current  from  the  source 
is  rectified  by  diodes V    In  illustration  "A"  note  the  four  diodes.  Arrows 
have  been  drmrn  on  this  diagram  to  illustrate  the  path  of  current  flow  for 
one  alterWidn  of  the  AC  pwer.    Trace  the  current  flow  by  following  the 
arrows  and4det ermine  the  polarity  of  the  gate  winding  by  using  the  left  hand 
rule.    Als9  note  the  direction  of  current  flow  through  the  load. 


Illustration  "B"  shews  the  second  alternation  of  the  AC  power  source.  Again, 
arrows  are  drawn  on  the  diagram  to  illustrate  the  path  of  current  flow.  Trace 
the  current  and  determine  the  polarity  of  the  gate  winding  for  this  alternation. 
Has  the  polarity  changed?    Did  the  direction  of  current  flow  through  the  load 
change?    The  polarity  remained  the  same  and  the  direction  of  current  flow 
through  the  load  remained  the  aaire. 


Fill  in  the  blanks  to  complete  the  following  statements. 

I.      The  gate  winding  controls  power  from  the  amplifier  to  the 


2.      biodes  are  used  in  the  gate  winding  circuit  to  change    to 


3.      Current  flow  through  the  __  winding  and  the  load  will  be  in 

the  same 


10 
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Answers  to  Frame  7:    1.     load         2,    AC  DC 


FRAME  8 

The  control  winding  takes  the  signal  from  the  bridge  circuit  and,  using  this 
signal,  controls  the  gate  winding.    The  signal  from  the  bridge  is  in  the  form 
of  DC  current.    When  the  negative  and  positive  points  of  the  bridge  are  as 
shown  in  illustration  "A",  current  will  flow  through  the  control  winding  and 
cause  the  magnetic  poles  of  the  windings  to  be  as  illustrated. 


♦oc  a  _  »  oc 


However,  should  the  resistance  in  one  leg  of  the  bridge  change,  the  negative 
and  positive  points  of  the  bridge  will  reverse  as  shown  in  illustration  "B", 
Now  current  will  flow  through  the  control  winding  in  the  opposite  direction. 
What  will  happen  to  the  magnetic  polarity  of  the  control  winding?    It  will 
also  reverse. 

The  resistance  of  the  sensor  or  selector  will  determine  the  direction  of 
current  flow  from  the  bridge.    This  will,  in  turn,  determine  the  direction 
of  current  flow  through  the  control  winding.    Remember,  the  polarity  of  the 
winding  depends  on  the  direction  of  current  flow. 

Fill  in  the  blanks  to  complete  the  following  statements, 

1,  The  control  winding  uses    (AC/DC)  current, 

2,  The  magnetic  p^les  of  the  control  winding  are  determined  by  the 
signal  from  the  


3,     The  magnetic  poles  of  the    winding  will  change  with 

the    of  current  flew  from  the  bridge  circuit. 


/m 

3,    gate  direction 
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Answers  to  Fran*  8:    1.    DC        2.    bridge  circuit        3.    control  direction 

" 1  * 

FRAME  9 

REVIEW  QUIZ 

1.  A  magnetic  amplifier  uses  a  small  signal  from  the   

  to  control  a  larger  signal. 

2.  Magnetic  poles  that  are  alike  (N  to  N)  will  each  other 

and  oppose  flow. 

3.  When  using  the  left  hand  rule,  your  thumb  will  point  to  the 
 pole. 

4.  The  signal  from  the  bridge  circuit  determines  the  polarity  of  the 
 winding. 

5.  In  the  gate  winding  circuit,  the  AC  current  is  changed  to  a  DC 
current  by  the  • 

6.  The  current  flow  through  che  lead  is  (AC/DC). 

Determine  the  north  (N)  and  south  (S)  poles  of  each  of  the  following 
windings  and  write  N  or  S  in  the  space  provided. 


7.  8. 


J 168 


Answers  to  Freoe  9:    i.    bridge  circuit       2.    repel     current       3.  north 
4.    control       5.    diodes       6.    DC       7.    S    N       8.    S    N     9.    N       10.  S 

I  — 

(     ,  FRAME  10 

Now  let's  see  how  the  polarities  of  one  winding  effects  the  other  winding* 
Remember,  the  polarity  In  the  bias  winding  is  always  the  saxee  and  the  polarity^ 
of  the  gate  winding  is  always  the  same.    Polarity  of  the  control  winding 
depends  on  the  bridge  circuit.    Note  in  the  illustration  below  that  the  bias 
winding  and  the  gate  winding  have  like  poles.    This  means  they  will  always 
oppose  each  other.    The  current  flow  through  the  bias  winding  will  oppose 
current  flow  through  the  gate  winding. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.    The  bias  winding  and  gate  windings  have  jnagnetic  poles. 

1.    The  bias  winding  will  always  current  flow  through 

the  gate  winding. 


J  16.9 
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Answers  to  Frame  10:    1.    like*      2.  oppose 
FRAME  11  m 

Since  the  polarity  of  the  control  winding  can  change,  depending  on  the  direction 
of  current  flow  from  the  bridge,  it  will  either  aid  or  oppose  the  gate  winding. 
Whan  the  magnetic  poles  of  the  control  winding  are  as  illustrated  below  it  will 
oppose  current  flow  through  the  gate  winding.    Note  that  the  poles  are  alike. 
When  the  magnetic  poles  are  as  illustrated,  the  bias  winding  and  the  control 
winding  are  both  opposing  the  gate  winding.    This  opposition  will  reduce 
current  flow  in  the  gate  winding.    This  will  also  decrease  current  flow  to 
the  load. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  control  winding  can  either   or   the  gate 

winding. 

2.  When  the  magnetic  poles  of  the  control  and  gate  winding  are  alike, 
current  flow  through  the  gate  will  . 

3.  The  signal  from  the  bridge  circuit  determines  the  polarity  of 
  winding. 


U7u 
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Anawere  to  Franc  11 :    1 .    aid  oppose        2 .    decreased      3  •  control 


FIAKI  12 

Whan  the  direction  of  currant  flew  fro*  the  bridge  changaa9  tha  dlractlon  of 
current  flow  through  the  control  winding  will  also  change.    This  will  change 
tha  Magnetic  polarity  of  tha  control  winding.    When  the  Magnetic  poles  of  the 
winding?  are  aa  illustrated  below*  the  control  winding  will  aid  the  gate 
winding.    Notice  the  gate  winding  and  control  winding  have  unlike  poles. 
Reweabcr,  unlike  polea  will  aid  each  other.    By  aiding  the  gate  winding  there 
will  be  leee  oppoaitlon  to  currant  flow.  .This  will  result  In  an  increaae  In 
current  flow  through  the  gate  winding  and  through  the  load. 


The  gate  winding  controls  the  electriq^L  signal  that  will  cause  the  load  to 
operate.    If  the  gate  winding  is  aided  by  the  control  winding  the  load  will 
operate.    If  the  gat*  winding  is  oppoaed  by  the  control  winding,  the  load 
will  not  operate. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  the  direction  of  current  flow  from  the  bridge  changes,  the 
maguetic  poles  of  the   winding  will  also  . 

2.  Current  will  flow  througn  the  load  when  the  control  winding  is 
 [   (aiding/opposing)  the  ga'te  winding. 

3.  The  control  winding  aids  the  gate  winding  when  the  magnetic  poles 
are   (like/unlike). 


0* 


Amen  to  Fr«M  12:    1.    coatrol      chmg      1.    aiding      3.  unlike 


PKAME  13 


Let's  see  how  the  magnetic  amplifier  operates  with  a  signal  from  the  bridge* 
In  the  Illustration  below,  the  signals  from  the  bridge  and  AC  power  source,  and 
the  magnetic  poles  have  been  drawn  in.    The  North  pole  of  the  control  winding 
is  facing  the  South  pole  of  the  gate  winding.    This  aids  current  flow  in  the 
gate  winding.    The  bias  winding  Is  still  opposing  the  gate  winding,  but  now 
the  aid  from  the  control  winding  is  stronger  than  the  opposition  from  the 
bias  winding.    The  rectified  AC  signal  will  flow  through  the  gate  winding  to 
the  load.    Current  flow  through  the  gate  winding  will  build  up  until  it  is 
strong  enough  to  operate  the  load.    The  amount  of  current  flow  through 
the  gate  winding  will  depend  on  the  strength  of  the  signal  from  the  bridge. 


Fill  In  the  blanks  to  complete  the  following  statements. 

1,  Whtn  the  North  pole  of  the  control  winding  is  facing  the  South 

pole  o£  the  gate  winding,  current    (will/will  not)  flow  through 

the  load, 

2,  In  the  circuit  illustrated,  the  bias  winding  is    the 

gate  winding  and  the  control  winding  Is      the  gate 

winding. 
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Answers  to  Frame  13:    1.  *will       2.    opposing  aiding 


i  — 


FRAME  14 


Let's  see  what  happens  to  the  operation  when  thf  signal  from  the  bridge  changes 
to  that  shown  in  the  illustration  below.    The  </ontrol  winding  has  changed 
magnetic  poles  because  of  the  change  in  direction  of  current  flow  from  the 
bridge.    The  South  pole  of  the  control  winding  is  facing  the  Siuth  pole  of 
the  gate  winding.    These  two  poles  are  repelling  each  other  or  opposing 
current  flow.    The  North  pole  of  the  bias  winding  is  facing  the  North  pole 
of  the  gate  winding,  and  will  also  be  opposing  current  flow  in  the  gate 
.lading. 

With  the  control  and  bias  winding  both  opposing  the  gate  winding  there  is  very 
little  current  flow  through  the  gate  winding.   'With  this  condition,  there  is 
not  enough  current  flow  to  operate  the  load. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1     When  the  South  pole  of  the  control  winding  is  facing  the  South 
pole  of  the  gate  winding,  current   (will/vill  not)  flow  through 

the  load. 

i  2.    In  the  circuit  illustratsd,  the  bias  winding  is   

!  and  the  control  winding  is    the  gate  winding. 
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Answers  to  Frame  14:    1.    will  not       2.    oppos tng  opposing 


FRAME  15 

Let's  see  how  the  magnetic  amplifier  controls  the  turbine  bypass  valve.  In 
the  illustration  below,  we've  added  a  secqtad-stage  amplifier,  a  transistor 
circuit,  and  a  bypass  valve.    Die  illustration  shows  only  the  circuit  that  the 
hot  signal  uses.  ^ 

Betause  the  signal  from  the  bridge  is  very  small,  *a  second  stage  amplifier 
Is  needed  to  Increase  the  signal  for  operation  of  the  load.    Note  that  the 
load  for  the  second  stage  is  the  transistors  which  in  turn  will  operate  the 
bypass  valve. 

Before  we  trace  a  signal  through  this  circuit,  let's  compare  it  to  the  simple 
magnetic  amplifier  that  we've  been  discussing.    The  bias  windings  of  both  the 
first  and  second  stages  are  connected  to  the  same  DC  pcwer  source.    The  bridge 
circuit  is  still  connected  to  the  control  winding  of  the  first  stage  an*>lifier. 
But,  Instead  of  having  the  gate  winding  from  the  first  stage  connected  to  the 
load,  it's  connected  to  the  "control  winding"  of  the  second-stage  an^lifier. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  magnetic  poles  of  the  bias  and  gate  winding  will  always 
____  ( aid/oppose)  each  other. 


2.      Current  flow  in  the  second-stage  control  winding  is  controlled  by 
the  firs t-st age  winding. 
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Answers  to  Fn 


15: 


oppose 


FRAME  16 

S?.^  Jr*^!  £!J  b°th  8at*  WlndingS  18  stl11  f™»  an  AC  power  supply.  In 
thi,  circuit,  the  AC  source  is  a  power  transformer.    The  power  for  the  gate 
winding,  is  taken  from  the  transformer secondary  windlnL    Notice  in  ^ne 
lllu.tr.tion  below  that  power  for  the  ITrst-stage  gate  winding  is  3  volts 
and  the  power  for  the  second-stage  gate  winding  is  12  volts.    In  our  discus- 
sion   we  will  refer  to  the  secondary  windings  as  the  3-volt  or  12-volt  taos 

sryji  %ss*tf£?£zp  ** 84te  windin8s  is  act-iiy  °c  be"- 


»|VDC 
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Let's  see  why  the  second-stage  gWew^nding  uses  12  volts,  where  the  first- 
stage  gate  only  uses  3  volts.    The  bridge  signal  going  to  the  first-stage 
control  winding  is  very  small  (or  weak).    Therefore,  it  cannot  be  used  to 
directly  operate  the  transistors.    However,  it  can  be  used  to  control  the 
3-volt  gate  winding.    The  3  volt,  is  then  applied  to  the  control  winding  of 
the  second  stage.    The  3-volt  signal  is  now  strong  enough  to  control  the  12- 
volt  signal  through  the  second-stage  gate  winding.    Through  the  use  of  the 
magnetic  amplif iers ,  the  bridge  signal,  which  may  be  less  than  1  volt,  is 
amplified  to  3  volts,  then  to  12  volts.    The  stronger    12-volt  signal  is 
required  to  cause  the  translators  to  conduct. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  eecondary  windings  of  the  power  trana former  provide  power  for 
operation  of  the   windings. 

2.  The  reason  for  using  3  volta  in  the  firs^stage  gate  windings  is 
because  the  bridge  signal  is  very  . 

3.  The  purpose  of  the  two  stages  of  amplification  is  to  increase  the 
  signal  enough  to  cause  the    t0  conduct. 
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Answers  to  Frame  16:    i.    gate         2.    small  (weak)         3.    bridge      t vans is tors 


FRAME  17        ___  _  _  , 

Let's  trace  the  signal.     Looking  at  the  Illustration  below,  note  the  signals 
and  magnetic  poles  have  been  set  up  so  that  each  control  winding  is  aiding 
the  gate  winding.    Thi*  allows  current  flow  .  rom  the  3-volt  source  to  flow 
through  the  first-stage  gate  winding  to  the  second  stage  coutrol  winding.  This 
in  turn  allows  the  current  from  the  12-volt  source  to  flow  through  the  second- 
stage  gate  winding. 

Follow  the  path  of  current  flow  from  the  negative  (-)  side  of  the  transformer 
12-volt  tap,  through  the  diode  to  point  MA •  *'    From  point  "A"  it  flows  to,  and 
charges,  the  capacitor  (CI).    At  the  same  time  it  sets  up  a  voltage  potential 
at  the  three  resistors  marked  X,  Y,  and  2.    Resistor  X  is  the  normal  path  for 
current  flow  until  the  Zener  diode  (VR2)  breaks  down  and  starts  conducting. 
Follw  this  return  path  through  resistor  X,  through  resistor  V,  through  the 
lower  diode  at  the  gate  winding,  then  through  the  gate  winding  to  the  center 
connection  and  back  to  the  positive  (+)  potential  at  the  12-volt  transformer 
tap.    Until  the  signaL  becomes  strong  enough  to  cause  the  Zener  diode  to  break 
down,  the  current  will  flew  through  resistor  X.     In  this  condition,  the  transis- 
tors will  not  conduct. 
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No  Response  Required 
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FRAME  18 

A*  the  signal  from  the  bridge  becomes  stronger,  it  Increases  the  strength  of 
the  signal  turough  the  magnetic  amplifier.    This  will  Increase  the  potential 
across  the  Zener  diode  (VR-2)  and  force  it  to  break  do*n.   When  the  Zener 
diode  breaks  d«nf  current  flows  through,  resist  or  "Y,"  through  the  Zener  diode, 
then  through  the  second-stage  gate  winding  and  to  the  positive  side  of  the 
12- volt.  tap. 

The  current  flowing  through  the  Zener  diode  causes  the  base  of  transistor  #1 
to  become  more  positive  than  its  emitter.    This  will  forward  bias  the  transis- 
tor and  cause  it  to  conduct.    Current  now  flows  through  resistor  Z  and 
transistor  #1.    The  current  flew  through  transistor  #1  causes  che  base  of 
transistor  #2  to  become  more  f  iitive  than  its  emitter,  causing  it  to  conduct. 


*  OMM 


Fill  in  the  blanks  to  coipplete  the  following  statements. 

1.  Forward  biasing  of  the  trabsistors  is  controlled  by  the   

  ■ 

2.  The  strength  of  the  potential  at  the  Zener  diode  is  a  direct  result 
of  the  signal  from  the  circuit. 
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Answers  to  Frame  18:    1.    Zener  diode  2.  bridge 


FRAME  19 


Tha  tranaiatora  actually  serve  as  relay8 
or  switches  for  tha  bypass  valva  circuit. 
Th  *  tranaiatora  ara  forward  biased  when 
tha  Zener  dioda  breaks  down.    This  permits 
currant  flow  from  tha  emitter  to  the 
collects*  of  the  tranaiatora.    Note  in 
the  diagram  how  this  will  complete  a 
circuit  from  the  T>ypaaa  valve  ground  to 
the  28V  DC  aource.    When  the  transistors 
conduct,  current  can  flow  from  tha  bypass 
valve  ground,  through  the  valve  motor 
winding  (hot  or  open  aide),  through  the 
diode,  then  through  the  tranei8tors  to 
the  poaitive  potential  at  the  28V  DC 
circuit  breaker.    Thia  will  operate  the 
valve  to  the  hot  (open)  position- 


Fill  in  the  blanka  to  complete- the  following  statements. 
1*    The  bypaas  valve  circuit  is  controlled  by  the 

r 


2.  When  hot  air  is  demaneded,  the  bypass  valve  will  operate  to  the 
  position. 


3.    The  bypaaa  valve  will  operate  to  the  hot  position  only  when  the 
transistors  are  (forward/reverse)  biased. 


4.    The  tranaistors  serve  as 


for  the  valuta  circuit, 
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Answer,  to  Frame  19:    l.    translators       2.    o^n       3.    forward     4.  switch- 

— — <-  .  .   or  relays 

FRAME  20 

Operation  of  the  translators  Is  controlled  by  the  Zener  diode.    That  is,  when 
It  breaks  down  it  allowe  the  transistors  to  reduce  their  Internal  resistance 
where  they  can  operate  the  valve  motor.    To  prevent  total  breakdown  and  burnout 
of  the  Zener  diode,  the  capacitor  mentioned  earlier  absorbs  the  rapid  charging 
and  discharging  when  the  Zener  diode  starts  conducting. 

1\a\  \?  "It  *  coldJ8l«n*1  th«  *>t±dg«  circuit,  the  signal  would  have 

aided  the  cold  .agnatic  amplifiers.    This  would  have  caused  the  transistors 
in  the  cold  circuit  to  conduct.    The  circuit  would  have  been  operated  in  the 
same  manner,  except  it  would  cause  the  valve  motor  to  operate  in  the  opposite 
direction    providing  cold  air.    Remember,  the  bridge  circuit  signal  determines 
whether  the  hot  or  cold  amplifiers  operate. 


Fill-in  the  blanks  to  complete  the  following  statements. 

When  cold  air  is  demanded,  the  bypass  valve  will  operate  to  the 
(open/closed)  position. 

2.      If  the  signal  from  the  bridge  causes  the  first-stage  hot  control 
winding  to  oppose  the  gate  winding,  and  the  first-stage  cold  control  winding 
to  eld  the  gate  winding,  the  bypass  valve  will  (open/close). 


Answer •  to  Frame  20:    1.    closed     2.  close 


FRAME  21 


REVIEW  FRAME 


J 


With  tb*  signal  on  the  bridge  as  shown  in  the  illustration  below,  answer 
questions  1  through  5. 

V      _   .   

1.  Will  the  first-stage  control  winding  aid  or  oppose  the  first-stage 
gate  winding?  

2.  Does  the  bias  winding  and  gate  winding  have  like  or  unlike  poles? 


3.  Will  the  second-stage  control  winding  have  any  current  flowing 
through  It?  

4.  Is  the  second-stage  bias  winding  aiding  or  opposing  the  gate 
winding?   

5       With  the  signal  aa  shore,  is  the  voltage  potential  on  the  base  of 
the  transistors  positive  or  negative?   


s 
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Using  the  same  illustration  as  a  reference,  fill  in  the  blanks  to  complete 
the  following  statements, 

6.      The  purpose  of  the  diodes  in  the  gate  circuits  is  to  rectify  ' 
 _  current  to   current. 


7.      The  valve  circuit  is  coopleted  when  the  transistors  are 


8.     When  the  Zener  diode  breaks  down  and  causes  the  transistor  base 
to  be  more  positive  than  the  emitter,  the  transistor  is  said  to  be 
 biased. 
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9.    The  voltage  applied  to  R-14  of  the  bias  winding  circuit  is 
 volts  DC. 


10.  The  3-volt  tapoffs  on  the  power  transformer  aie  the 

windings  of  the  transformer* 

11.  When  the  base  of  transistor  #1  is  positive,  the  base  of  transistor 
#2  becomes  . 


12.  The  Zener  diode  in  the  transistor  circuit  holds  back  the  signal 
until  it  is  enough  to  break  it  down. 


Match  the  items  listed  in  Column  "B"  with  the  statements  given  in  Column  MA. 


13. 


14. 


15. 


16. 


17. 


COLUMN  A 

Aids  current  flow  in  the  gate 
winding. 

Always  opposes  current  flow 
in  the  gate  winding. 

Provides  the  signal  to  the 
control  winding. 

Controls  current  flow  to  the 
load. 

Changes  the  AC  current  in  the 
gate  winding  circuit  to  DC 
current . 


COLUMN  B 

A.  Bridge  circuit 

B.  Gate  winding 

C    Control  winding 
Transformer 

E.  Bias  winding 

F.  Diodes 
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Answers  to  Frame  21:     I,    oppose       ^.    like       3.    no       4,    oppos ing 
3.    negative       6.    AC    DC       7,    conducting       8.    forward       9.  6.8 
10.    secondary       11.    positive       12.    strong       13.    C       14.    E       15.  A 
16.    B       17.  F 


Note:    For  the  rest  of  this  lesion,  use  the  overlay  transparency 
provided  with  the  text.    If  you  do  not  have  an  overlay  transparency, 
ask  the  Instructor  for  one*    We  will  use  this  transparency  to  trace 
the  operation  of  the  magnetic  amplifier  type  temperature  controller. 

FRAME  22 

In  the  previous  frames  we've  discussed  a  basic  magnetic  amplifier.  We've 
followed  a  signal  from  the  bridge 9  through  the  amplifier  and  transistors, 
and  caused  the  valve  to  operate  to  the  hot  position.    However,  a  temperature 
control  system  must  be  able  to  provide  either  hot  or  cold  air.    The  magnetic 
amplifier  must  have  a  hot  and  a  cold  amplifier  circuit. 

Open  the  overlay  transparency  until  "sheet  number  1"  is  the  only  sheet  showing. 
This  shows  the  hot  and  cold  first-stage  amplifiers.    A  signal  has  been  placed 
on  the  bridge  that  will  call  for  hot  air.    By  tracing  the  current  flow  from 
negative  to  positive  and  using  the  left  hand  rule,  we  can  determine  the 
magnetic  poles  of  both  control  windings.    Notice  as  you  follow  the  circuit 
from  the  bridge  that  current  flows  through  the  control  winding  of  the  first- 
stage  hot  amplifier  then  continues  through  the  control  winding  of  the  first- 
stage  cold  amplifier  and  back  to  the:  bridge.    But,  notice  that  the  control 
winding  on  the  hot  amplifier  Is  wound  oppoelte  the  control  winding  on  the 
cold  amplifier.    What  will  this  do  to  the  magnetic  poles?    It  will  cause  the 
magnetic  poles  to  be  opposite.    In  the  circuit  illustrated,  the  hot  control 
winding  will  aid  its  gate  winding  and  the  cold  control  winding  will  oppose 
its  gateStindlng. 

* 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  current  flw  from  the  bridge  causes  the  cold  control  winding 

to  aid  its  gatj&  winding,  the  hot  control  winding  will  be    its 

gate  wlndliig.  / 

2.  A  magnetic  amplifier  type  temperature  controller  will  have  a  hot 
and  amplifier  circuit. 

P 

3.  The  signal  from  the  bridge  will  determine  the  magnetic  poles  of 
the   ,  and  cold   -windings. 


Answers  to  Frame  22:    1.    opposing       2.    cold       3     hot  control 


FRAME  23 


Fold  sheet  2  over  sheet  1.    Note  that  the  bias  windings  are  added     •  the 
circuit.    Also  notice  that  both  bias  windings  have  the  same  negative  ground 
point  "A".    Currant  will  flow  from  this  ground  point  through  both  bias  windings 
at  the  same  tine.    Current  for  the  hot  bias  winding  will  flow  through  the 
winding  and  through  resistor  R14  to  point  MBM.    Current  for  the  cold  bias 
winding  will  flow  through  the  winding  and  through  resistor  R15  and  to  point 
MBM  also.    From  point  MB%  current  flows  to  the  28V  DC  (+)  source.    This  is 
the  same  voltage  source  that  is  used  for  the  bridge  circuit.    Since  current 
is  flowing,  you  can  determine  the  magnetic  poles  of  the  bias  windings,  The 
direction  of  current  flow  through  both  windings  will  not  change,  so  the  poles 
will  alsways  remain  the  same.    Remember,  the  bias  windings  always  oppose  the 
gate  windings. 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.    The  bias  windings  always 


current  flow  through  the 


gate  windings. 


2. 


Current  flow  through  both  bias  windings  is 


(AC/DC) . 


3.  m  T)0t  poles  of  both 


windings  will  always  remain  the  same. 
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Answer*  to  Frame  23:    1.    oppose       2,    DC       3.  bias 


FHAHE  24 

Fold  fcheet  3  over  sheets  1  and  2.    The  gate  winding  circuit  is  added  for  both 
the  hot  and  cold  amplifiers.    The  power  for  these  windings  is  from  the 
transformer  3-volt  tap.    Let's  start  by  following  current  flow  through  the 
gate  winding  of  the  first-stage  hot  amplifier.    Starting  at  the  negative 
point  of  the  up>er  transformer  secondary  (3-volt)  winding,  current  flows  to 
the  middle  of  the  hot  gate  winding,  through  the  winding  and  through  the  diode 
in  this  text  we  will  identify  them  and  give  their  purpose.)    From  coil  1 
current  flows  to  coil  3,  then  back  up  to  the  diode  at  the  hot  gate  winding 
circuit  and  b$ck  to  the  positive  potential  at  the  transformer  3-volt  tap. 

i 

Cyrreifct  will  flow  In  the  hot  gate  winding  circuit  beer  je  the  control  winding 
TLskidlng  current  flow  in  this  winding.    The  aid  from  the  control  winding  will 
ovenome  the  opposing  action  of  the  bias  winding. 

Since  Vurrent  is  flowing  In  the  hot  gate  winding,  the  magretic  poles  can  be 
determined.    Tou  should  recall  that  the  current  flow  through  the  g^te  windings 
Is  direct  current  and  Is  always  going  in  the  same  direction.    The  magnetic 
poles  will  always  remain  the  same. 


Fill  in  the  blanks  to  complete* the  following  statements. 

1.  Current  flow  through  the  gate  windings  is   (AC/DC) . 

2.  The  purpose  of  the  diodes  in  the  gate  winding  circuit  is  to  change 
 current  to     .  »  current. 


3.    The  power  source  for  the  gate  winding  circuit  is  from  the  transformer 

windings . 
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Answers  to  FTame  24:    1.    DC       2.    AC    DC  3.  secondary 


FRAME  25 

Let's  look  at  the  circuit  for  the  gate  windings  of  the  cold  amplifier.  The 
path  for  current  flow  is  from  the  negative  point  of  the  lower  3-volt  transformer 
tap,  and  from  there  through  the  diode  and  up  to  coil  2.    From  coil  2  the  circuit 
goes  dQwn  through  coil  4,  through  the  diode  at  th*  cold  gate  binding,  then 
through  the  gate  winding  and  out  at  the  center  connection  and  back  to  the 
positive  potential  at  the  transformer.    However,  notice  in  our  circuit  that 
the  cold  gate  winding.    With  the  bias  and  control  windings  both  opposing  the 
gate  windings,  there  will  be  little,  if  any,  current  flow  through  the  cold 
amplifier  gate  winding. 

We  started  with  a  signal  for  hot  air  from  the  bridge,"  and  the  hot  amplifier 
is  operating  and  the  oold  amplifier  is  shut  down.    This  is  because  the  hot 
control  winding  is  aiaing  its  gate  while,  at  the  same  time,  the  cold  control 
winding  is  opposing  its  gate.    Remember,  the  hot  and  cold  control  windings 
are  wound  so  that  their  poles  are  reversed. 


Fill  \in  the  blanks  to  complete  the  following  statements. 

1.    Current  will  flow  through  the  hot  gate  winding  in  the  circuit 

illustrated  because  the  winding  is  aiding  the  

winding. 

*     2.    Current  will  not  flow  through  the  cold  gate  winding  in  the  circuit 

illustrated  because  the  winding  and,   winding  are 

opposing  the  ;  winding.  & 
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Answers  to  Frame  25:    1.    Control        gate       2.    bias        control  gate 


FRAME  26 

Fold  over  sheet  number  ~.    The  second-stage  hot  and  cold  amplifiers  are  added. 
Notice  that  coils  1*2,3,  and  4  that  were  part  of  the  first-stage  gate  winding 
circuits  are  really  the  control  windings  for  the  second-stage  amplifier.  The 
second-stage  amplifiers  have  two  control  windings  because  one  winding  is  used 
as  a  positive  shutoff  for  the  amplifier  that  is  not  operating.    This  will  be 
explained  later  in  the  text. 

With  the  hot  signal  from  the  bridge,  current  will  floto  in  the  first-stage  hot 
gate  winding.    Follow  the  circuit  from  the  negative  point  at  the  3-volt  trans* 
former  tap  and  note  that  as  current  flons*- through  the  hot  gate  winding  it  also 
.flows  through  control  windings  number  1  and  3.    But,* also  notice  that  these 
windings  are  wound  in  opposite  directions  which  causes  }he  magnetic  poles  to 
be  opposite.    This  is  the  same  as  the  control  windings  on  the  first-stage 
amplifiers. 

Because  current  flow  has  been  stopped  in  the  first-stage  cold  gate  winding, 
there  will  be  very  little,  if  any,  current  flow  through  control  windings 
2  and  4. 

/ 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.    For  current  to  flow  through  the  second-stage  control  windings,  the 
magnetic  poles  of  the  first-stage  control  winding  and  the  first  stage  gate 
winding  must  be  (like/unlike) . 

*  2.    Current  flow  through  the  second-stage  control  windings  is 
 (AC/DC). 


3.    The  power  source  for  the  second-stage  control  windings  is  from 

th.  ^. 
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Answers  to  Frame  26:    1.    unlike       2.    DC       3.  transformer 


FRAME  27 

Fold  over  sheet  number  5.    Notice  that  the  second-stage  bias  windings  have 
been  added.    Let's  trace  the  current  flow  through  this  circuit.    Starting  ai: 
the  negative  (ground)  point  at  the  second-stage  hot  amplifier,  current  flows* 
through  the  second-stage  hot  bias  winding,  through  the  second-stage  cold 
bias  winding,  then  through  resistor  R22  to  point  MCf\    From  point  "C"  currenc 
flows  over  the  same  circuit  as  the  first-stage  bias  windingsN  to  the  28V  DC 
positive  potential  at  the  circuit  breaker. 

Current  always  flows  through  the  bias  windings  in  the  same  direction,  so 
the  magnetic  poles  will  remain  the  same.    Notice  that  all  four  bias  windings 
have  the  same  magnetic  poles.  ^ 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  magnetic  field  o|^the  bias  windings  opposes  current  flow 

through  the  gate  windings  becauae  they  have    (like/unlike) 

magnetic  poles. 

2,  The  windings  that  always  have  the  same  polarity  are  thev  

winding' and  the  winding. 
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Answers  co  Fran*  27:    1.  like       2.    bias  gate 
FRAME  28 

Fold  over  eheet  number  6.  This  sheet  adds  the  second-stage  gate  winding 
circuits.    The  power  supply  for  the  second-stage  gate  windings  is  from  the 

transformer  12-volt  taps.  Notice  that  the  second-stage  gate  winding  voltage 

(12V)  is  greater  than  the  first-stage  gate  winding  voltage  (3V).    Recall  from 

the  basic  amplifier,  this  is  where  the  signal  is'  amplified. 

Current  flows  from  the  negetive  point  at  the  12-volt  transformer  tap  to  the 
second-stage  hot  gets  winding.    Because  the  second-stage  hot  control  winding 
(number  1)  is  aiding  the  gate  winding,  we  know  current  will  flow  through  the 
gate  winding.    Current  will  also  flow  through  the  load,  which  isn't  shown  yet, 
end  will  return  to  the  positive  potential  at  the  transformer.    The  diodes  in 
this  circuit  will  rectify  the  AC  signal  to  a  DC  signal.    Current  is  flowing 
through  the  gate  winding,  therefore,  the  poles  can  be  determined.    The  magnetic 
polep  of  the  control  winding  and  the  gate  winding  are  opposite  (unlike),  so 
the  control  winding  will  be  aiding  the  gate  winding. 


Th^re  was  no  current  flow  through  the  first-stage  cold  amplifier,  so  the 
second-stage  control  winding  (coil  number  4)  will  not  have  current  flowing 
through  it.    Current  is  flowing  through  coll  number  3  of  the  second-stage  cold 
amplifier,  but  this  causes  the  magnetic  field  from  coil   number  3  to  oppose  any 
current  flow  through  the  second-stage  cold  gate  winding.    This  second  set  of 
controls  windings  acts  as  a  positive  shutoff  for  the  amplifier  that  is  not 
operating. 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.   <Qie  power  supply  for  the  second-stage  gate  windings  is 


volts. 


by  the 


2.    The  AC  signal  to  the  gate  windings  is  rectified  to  a  DC. signal 
  in  the  circuit. 


ect  as  a 


3.    The  second  set  of  control  windings  in  the  second-stage  amplifier 
 for  the  amplifier  that  is  not  operating. 
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Answers  to  Frame  28:    1.    12       2.    diodes       3.    positive  shutoff 


FRAME  29 

Fold  over  sheet  number  7.    This  adds  the  transistor  circuit.    The  current  flows 
fromt^the  negative  point  of  the  12-volt  transformer  tap,  through  the  second- 
stage  hot  gate  winding  and  to  the  transistor  circuit.    Following  current  flow, 
notice  that  the  signal  will  be  applied  to  the  emitter  of  each  transistor  and 
to  the  Zener  diode  (VR2) .    Remember  from  the  basic  magnetic  amplifier  that 
current  flow  from  the  gate  winding  normally  flows  throu^  i  the  resistor  to 
the  left  of  the  Zener  diode  and  back  to  the  positive  potential  at  the  AC  power 
source.    Only  when  the  signal  becomes  strong  enough  to  break  down  the  Zener 
diode,  will  current  flow  through  it  and  cause  the  transistors  to  conduct. 

As  soon  as  current  flows  through  the  Zener  diode  to  the  positive  potential, 
the  base  of  the  first  transistor  becomes  more'  positive  than  the  emitter.  Now 
the  first  transistor  will  conduct.    Ass  soon  as  the  current  flows  through  the 
first  transistor's  emitter,  the  base  of  the  second  transistor  becomes  more 
positive  than  its  emitter.    Now  the  second  transistor  will  conduct. 

The  hot  signal  from  the  bridge  has  now  been  used  to  make  the  "hot"  transistors 
conduct.    There  was  not  current  flow  from  the  second-stage  cold  gate  winding,  - 
so  the  transistors  in  the  cold  circuit  will  not  conduct. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  transistors  will  only  conduct  when  the  signal  applied  to  their 
base  is  more  than  the  signal  applied  to  the  . 

2.  Thfe  transistors  are  forward  biased  by  the  current  flow  from  the 
second-stage  \/  windings. 

3.  The  hot  transistors  will  not  conduct  when  the  signal  from  the 
bridge  has  energized  the  first  and  second-stage  amplifiers. 
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Answers  to  Frame  29:    1,    positive     emitter        2,    gate       3,  cold 
FRAME  30 

Fold  over  sheet  number  8.    So  far  we  have  taken  a  hot  signal  from  the  bridge 
and  tped  it  to  cause  current  flow  through  the  first-stage  hot  gate  winding. 
This,  in  turn,  cuased  current  to  flow  through  the  second-stage  hot  gate 
winding.    The  second  stage  provided  current  flow  that  caused  the  hot  transistors 
.to  conduct.    Sheet  number  8  adds  the  bypass  valve  circuit  (temperature  control 
valve) .    This  is  the  unit  that  ve  must  control  if  we  are  to  control  the 
temperature  from  the  air  conditioning  system.    Remember,  the  transistors  act 
like  a  switch  or  relay  in  this  circuit.    When  the  transistors  are  conducting, 
that's  the  same  as  closing  the  switch  in  a  circuit. 

Let's  trace  the  current  flow  that  operates  the  bypass  valve.    Starting  at  the 
turbine  bypass  valve  ground,  the  current  flows  through  the  hot  side  of  the 
valve  motor  and  through  the  hot  circuit  to  point  "D".    From  point  "D" ,  current 
flows  through  both  transistors  (from  the  emitter  to  the  collector),  and  to 
the  28V  DC  circuit  breaker.    The  transistors  have  provided  a  complete  circuit 
from  the  valve  to  the  power  source,  so  the  valve  will  operate  to  the  hot 
position. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.    When  the  hot  transistors  are  conducting,  a  circuit  is  completed 
to  the  hot  side  of  the    


2.    When  a  transistor  is  conducting,  the  current  flows  whrough  it  from 
its   to  its  . 

\ 
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Answers  r.o  Frnme  30:    1.    turbine  bypass  valve 


2. 


emitter 


collector 


FRAME  31 


Fold  over  sheet  number  9.    We  have  teen  how  the  hot  signal  from  the  bridge  will 
run  the  bypeee  valve  toward  hot.    But,  with  the  circuit  that  we've  traced, 
this  hot  signal  could  cause  the  valve  to  oper-te  too  far  toward  hot.  This 
would  cause  the  temperature  to  become  too  iot  in  the  cockpit  before  the 
seniors  couli  detect  the  temperature  change  and  signal  the  valve  to  stop. 
This  action  would  result  in  the  bypass  valve  going  first  to  hot  then  to  cold 
and  back  to  hot,  always  overshooting  the  exact  position  needed  to  deliver 
the  select  mperature. 

To  prevent  the  valve  from  ,fhunting"  or  running  coatinuously  trying  to  maintain 
the  temperature,  a  "feedback"  circuit  is  used.    The  feedback  circuit  for  both 
the  hot  and  cold  amplifiers  are  added  to  the  diagram  by  sheet  number  9. 

The  feedback  circuit  wiL_  cause  the  bypass  valve  to  "pulse11  instead  of  running 
coninuoutly.    The  pua^  ag  action  prevents  a  rapid  change  in  th*  valve  position. 
It  also  prevents  a  rapid  change  in  air  temperature  coming  from  the  air  condi- 
tioning system.    The  rate  of  the  pusling  action  depends  on  the  strength  of 
the  regnal  from  the  bridge.    A  real  strong  signal  causes  the  valve  to  pulse 
at  a  j  ipid  rate.    A  weaker  signal  causes  the  valve  to  pulse  at  a  slower  rate. 


1.    The  purpose  of  the  feedback  circuit  is  to  prevent  the  valve  from 
  the  exact  position  needed  to  deliver  the  selected  tamperature. 


Fill  in  the  blanks  to  complete  the  following  statements. 


2. 

of  running 


The  feedback  circuit  will  cause  the  valve  to 


instead 


3.    The  pulsing  action  of  the  valve  prevents 


changes  in 


air  tec  erature 
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Answers  to  Ft  *e  31:    1*  ovtrghooting 


2.    pulse  continuously 


RAMI  32 


Lot's  tract  this  feedback  circuit  to  determine  what  controls  the  pusling  action. 
Starting  at  tha  grouad  for  tha  first-stage  bias  winding,  point  "A",  follow  tha 
currant  from  point  "A"  up  through  tha  firat-stage  hot  bias  winding*    From  tha 
firat  ataga  hot  biaa  winding,  currant  can  go  in  two  directions.    Currant  can 
go  through  raalator  U49  to  point  "B9t  and  back  to  tha  28V  DC  eource.    Tha  othar 
path  for  currant  flow  la  through  tha  faadback  circuit*    Currant  in  tha  faadback 
circuit  flow*  through  raaiatora  R24,  R28,  through  tha  diode,  than  to  point  "D". 
From  point  "S"  currant  flows  through  tha  transistors  and  up  to  tha  28V  DC 
circuit  breaker.    Now,  notice  that  whan  tha  hot  tranaiatora  a tart  conducting 
they  complete  a  path  for  currant  flow  that  oparataa  tha  bypass  valva  and  alao 
a  path  for    irrent  from  tha  first-stags  hot  biaa  winding^   This  providas  a 
aacond  path  for  currant  to  flow  from  tha  first-stags  hot  bias  winding  and 
lncraaaas  tha  amount  of  currant  that  flowa  through  tha  biaa  windifij\  What 
happana  to  tha  magnatic  fiald  around  a  coil  whan  tha  currant  flow  ia  incraasad? 
It  Increases.    Tha  atrnagth  of  tha  magnatic  fiald  around  a  coil  winding  la  In 
diract  proportion  to  tha  currant  flow  thr    ~h  tha  coil.    Also  kaap  in  mind  that 
tha  magnatic  ft aid  of  tha  biaa  winding  is       osii  *  currant  flow  in  tha  gats 
winding. 


Fill  in  tha  blanks  to  complsta  the  following  statements. 


1.    Whan  tha  transistors  are  conducting,  they  complete  a  path  for  current 


2.  When  the  feedback  circuit  is  in  operation,  current  flow  through  the 
first-stage  bias  winding  is  . 

3.  When  the  current  flow  in  the  first-stage  Lias  winding  is  increased, 
the  magnetic  field  around  this  winding  is  . 


flow  from  the 


and  the 


4.    The  bias  windings  always  oppose  the 


windings . 
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Answers  to  Frame  32:    1.    turbine  bypm  vtlvt  feedback  circuit 

2.    increased        3.    Increased         4.  gate 

FRAME  33 


The  Increased  current  flow  through  the  first-stage  bias  winding  lncreajes 
the  opposition  to  current  flow  In  the  first-stage  gat*  winding.    This  reduces 
or  stops  current  flow  in  the  gate  winding,  or,  in  other  words,  stops  the 
first-stage  magnetic  amplifier  from  operating*    By  stopping  the  current  flow 
in  the  first-stage  gate  winding,  it  aljg*stops  current  flow  in  the  second- 
stage  control  winding.    This  stops  th*operatlon  of  the  second-stage  amplifier 
which,  in  turn/  remove •  the  forward  bias  from  the  transistors,  and  they  stop 
conducting,    nils,  of  course,  stops  the  valve  from  operating  and  also  stops 
current  flow   hrough  the  feedback  circuit. 

Whety  current  flow  stops  in  the  feedback  circuit,  there  is  no  longer  an  increased 
orfopltion  to  current  flow  through  the  first-stage  amplifier.    This  allows 
the  signal  to  flow  through  the  amplifier  again,  which  allows  the  transistors 
1  to  conduct.    Of  course  the  same  sequence  o'f  events  starts  all  over  again. 
This  causes  the  valve  to  pulsate  until  the  temperature  reaches  a  point  to 
balance  the  bridge  circuit. 

We  have  taken  a  hot  signal  from  the  bridge  and  followed  it  through  the  complete 
automatic  temperature  cohtrol  circuit.    A  signal  for  cold  woulu  operate  the 
same  re  Jthe  hot  signal,  except  we  W&uld  have  used  the  cold  amplifiers, 
translators,  feedback  circuit,  and  cold  side  of  the  valve. 


NO  RESPONSE 


37 


o  1193 

ERJC  ^ 


1***7 1 

PROGRAMMED  TEXT  $Ai'R4r2331  -  PT-129 


Technical  Training 

i 


Aircraft  Environmental  Systems  Mechanic 


/ 

\ 

TRAINER  AIRCRAFT  AIR  CONDITIONING 


2x  April  1971 


This  supersedes  SI  PT  3ABR42231-PT-120,  4  December  1970. 
OPR:  TDAM 
DISTRIBUTION:  X 
TDAM  -  350,  TTOC  - 


Designed  For  A  TC  Course  Use 

1194 


FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  3ABR42231  instructional 
system,    The  material  contained  herein  has  been  validated  using  30  students 
enrolled  in  the  3ABR42231  course.    Ninety  percent  of  the  students  taking  this 
text  surpassed  the  criterion  called  for  in  the  approved  lesson  objectives.  The 
average  student  required  3  hours  and  forty  minutes  to  complete  the  text. 

OBJECTIVES 

Afcer  completion  of^th^s  text,  you  will  be  able  tor 

1.  r*^te  the  source  of  air  used  for  air  conditioning  an  aircraft. 

2.  Identify  each  of  the  temperature  control  system  components. 

3.  State  the  function  of  each  component  in  a  basic  air  conditioning 
system. 

Standard  of  performance: 

The  student  will  demonstrate  his  knowledge  of  the  objectives  by  answering 
14  out  of  20  questions. 

INSTRUCTIONS  ^ 

This  programmed  text  presents  information  in  small  steps  called  "frames." 
After  each  frame  you  are  asked  to  complete  a  statement  or  match  some  statements. 
Read  the  material  presented  and  respond  as  directed.    After  you  have  made 
your  response,  compare  your  answer  with  the  correct  answer  that  is  given 
on  the  page  following  each  frame.     If  your  response  is  incorrect,  restudy 
the  frame  to  get  the  information  correct.    Write  the  correct  response  next 
to  your  original  response  and  then  proceed  to  the  next  frame.     If  necessary, 
you  may  go  back  to  check  information  previously  discus- *d,  but  do  not  ^kip 
ahead • 

INTRODUCTION 

While  working  as  an  environmental  system  specialist  you  will  be  required 
to  maintain  air  conditioning  systems  installed  on  various  types  of  aircraft. 
This  text  describes  the  system  used  dti  a  trainer  type  aircraft.     It  gives 
you  the  name  and  purpose  of  each  component  in  this  system  including  general 
operating  characteristics  about  each  component.     It  also  shows  you  how  the 
air  is  conditioned  to  maintain  a  comfortable  environment  for  the  flight  crew. 


Frame  1 


In  the  next  three  frames  of  this  text  we  will  learn  about  the  three 
different  types  of  air  used  in  an  aircraft  air  conditioning  system.  They 
are;  bleed  air,  conditioned  air,  and  ram  air.    We  will  discuss  each  of  these 
types  gi  air  individually.    The  illustration  below  shows  a  typical  trainer 
aircraft  air  conditioning  unit. 


Figure  1. 

NO  RESPONSE  IS  REQUIRED. 
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Frame  2 

s~  To  air  condition  an  aircraft,  we  need  a  source  of  air.    The  primary 

(ml       source  of  air  used  for  air  conditioning  is  taken  from  the  aircraft  jet  engine. 
™        It  is  taken  from  the  last  stage  of  compression.    This  is  called  engine  bleed 
air       the  engine  blee'd  air  has  a  high  temperature  and  pressure.    The  actual 
temperature  and  pressure  will  vary  for  the  different  type  aircraft,  but  usually 
will  be  around  900°F  and  near  200  psi.    The  bleed  air  is  routed  from  the 
engine  to  the  air  conditioning  unit  through  stainless  steel  ducting. 


Jet  Engine 


Figure  2. 

Fill  in  the  blanks  to  complete  the  foil  -ring  statements. 

1,    The  primary  source  of  air  for  air  conditioning  is  the 


2.    The  air  tapped  frojn^-the-^t  engine  is  called 
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Answers  to  frame  2:    1.  jet  engine         2.  engine  bleed  air 
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Frame  3 


The  aircraft  air  conditioning  system  is  designed  to  automatically  maintain 
«  comfortable  temperature  in  the  cockpit.    Since  an  aircraft  will  encounter 
extreme  temperatures,  this  system  must  be  able  to  provide  either  hot  or  cold 
*ir.    As  you  study  this  text,  you  will  find  that  this  system  provides  either 
hot  air,  cold  air,  or  a  mixture  of  hot  and  cold  air.    You  will  also  find 
that  this  system  removes  the  excess  moisture  from  the  air.    From  this  we  can 
define  air  conditioning  as  "controlling  the  temperature  and  humidity  of  the 
air." 

Fill  in  the  blanks  to  complete  the  following  statements: 

l 

1.    The  aircraft  iair  conditioning  system  is  designed  to  provide  either 
or  air. 


2.    Air  conditioning  includes  controlling  the  temperature  and 
of  the  air. 
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Answers  to  frame  3:  1.  hot  cold 
Frame  4 


2.  humidity 


1176 
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Now  let's  discuss  ram  air .    Ram  air  is  air  which  is  moving  simply  because 
of  the  motion  of  an  object  passing  through  the  air. 

As  an  example,  you  are  driving  your  car  at  60  wph.    Your  wirtdow  is  open 
and  you  stick  your  l,eft  hand  out  to  make  a  left  turn  signal.    It  feel*  like 
there  is  a  strong  wind  blowing  on  your  hand.    This  wind  is  what  we  call  ram 
air.    As  you  slow  down  and  stop,  the  wind  also  stops.    Again  you  proceed 
at  60  mph.    You  feel  the  need  to  ventilate  your  car.    You  have  no  air  conditioner 
in  your  car.    You  reach  down  and  pull  the  vent  knob  out  and  immediately  you 
feel  the  cool  air  coming  in  through  the  vents.    This  ram  air  is  now  ventilating 
your  car. 

Fill  in  the  blank  to  complete  the  following  statement. 

1.    The  air  felt  on  your  face  as  you  run  would  be  called 
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Answer  to  frame  4:    1.  ram  air 


Frame  5 


During  maintenance  it  is  often  necessary  to  operate  the  air  conditioning 
system  on  the  ground.    The  air  for  operating  the  system  can  be  obtained  by 
operating  the  aircraft  engine  or  by  using  a  ground  air  cart*    The  ground 
air  cart  is  cheaper  and  safer  to  operate  and  is  usually  used.    An  MA-1A  ground 
air  cart  or  compressor  is  shown  both  idle  and  in  use.    This  unit  contains 
a  small  Jet  engine  and  supplies  air  in  much  the  same  manner  as  the  aircraft 
engine.    However,  there  is  one  *ajor  difference.    The  air  supplied  T*y  the 
ground  air  cart  will  deliver  a  much  lower  pressure  and  temperature.  The 
ground  air  cart  is  also  used  to  start  the  aircraft  engine,  since  many  jet 
engines  use  air  driven  starters.  / 

^  You  should  recall  from  previous  lessons  on  safety  that  anytime  you  are 
near  an  operating  jet  engine  you  must  wear  protective  devices  to  prevent 
damage  to  your  ears.    This  precaution  also  applies  to  the  ground^aliL cart . 
Any  time  you  are  working  near  or  operating  an  MA-1A  cart  you  must  wear  ear 
protective  devices.    Remember,  this  is  for  your  protection. 


© 


MA-1A 

COMPRESSOR 


"iiKvi 


MA-1A  Compressor 


Figure  % 


MA-1A  Ground  Air  Cart 


Fill  ii\the  blanks  to/fcomplete  the  following  statements. 


1.    The  ground  air  cart  can  be  used  to  supply  air  for 
aircraft  engines. 


the 


2.    The  ground  air  cart  supplies  a  source  of  air  for  ground  checking 


the 


3.    When  operating  an  MA-1A  cart  ycu  must  wear  ear 
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Answers  to  frame  5s    1.  starting 

3.  protective  devices 

Frame  6 

The  bleed  air  used  for  air 
conditioning  can  be  supplied 
froa  one  or  more  engines.  The 
illustration  at  the  right  shows 
bleed  air  being  supplied  by  two 
engines.    Check  valves  are  used 
at  each  engine  bleed  air  tap- 
off  to  prevent  a  reverse  flow 
of  air.    If  engine  Number  1  were 
shut  down  for  some  reason,  the 
check  valve  on  engine  Niunber 
1  would  close,  preventing  air 
from  engine  Number  2  from  flowing 
into  the  compressor  section 
of  engine  Number  1. 

Fill  in  the  blanks  to  couple te 
the  following  statements. 


Figure  4, 

1.  A  check  valve  is  installed  at  each  

tap-off. 

2.  W*th  engine  Number  1  operating,  and  engine  Number  2  shut  down,  the 

would  prevent  engine  bleed  air  from  flowing 

into  engine  Number  2. 


s 


Answers  to  frame  6:    1.  engine  bleed  air         2.  check  valve 


A  check  valve,  as  shown 
in  the  illustration,  is  used 
to  allow  airflow  in  one  direction 
only  .    The  direction  of  airflow 
is  indicated  by  the  direction 
of  the  arrow  stamped  on  the 
valve  body.    A  check  valve 
consists  of  two  flapper  type 
valves.    When  air  flows  in 
the  direction  of  the  ajfrow 
it  will  push  the  flappfer  valves 
open,  but  if  it  tries  tp  flow 
in  the  reverse  direction  air 
pressure  will  push  the  flapper 
valves  closed. 

Fill  in  the  blanks  to  complete 
the  following  statements. 


1.    Check  valves  allow 
airflow  in  


2.    The  purpose  of  the 
check  valve  is  to  prevent 


Frame  7 

OPEN 


CICSED 

3.     The  valve  is  actuated 
closed  by  • 

Figure  5. 
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Answers  to  frame  7:    1.  one  direction  only         2.  reverse  airflow 
3.  air  pressure 
Frame  8 

Match  the  items  in  column  B  with  the  correct  statement  in  column  A 


llto 


COLUMN  A 

JL.    The  primary  source  of  air 
for  air  conditioning  a  jet 
type  aircraft . 

_2.    Used  to  start  engines  and 
ground  check  the  air 
conditioning  system. 

_3.    Prevents  a  reverse  airflow 
at  the  engine  bleed  air 
tap-off 8. 

A,    Maintains  a  comfortable 
cockpit  temperature. 


COLUMN  B 

a.  Ground  air  cart 

b.  Air  conditioning  system 

c.  Jet  engine 

d.  Check  valve 

e.  Flow  control  valve 


'  1203 


Ansllrl  to  frame  8:    1.    c'       2.    a        3.    d         4.  b 


Fr?r.e  9 


The  air  from  the  engine  is  routed  through  a  system  shuroff  valve  and 
then  to  the  air  conditioning  package.    The  air  conditioning  package,  shown 
below    is  designed  to  cool  the  hot  engine  bleed  air  coming  from  the  jet  engine. 
It  also  mixes  hot  and  cold  air  to  maintain  a  desired  temperature  ifl  the  cockpit 
This  mixture  of  air  is  routed  to  the  cockpit  through  the  use  of  ducting. 

major  components  of  the  air  conditioning  package  are  the  heat  exchanger, 
cooling  turbine,  temperature  control  valvs,  and  water  separator  antiAice 
control  system.  V 


COOLING  TURBINE 


HEAT  EXCHANGER 


ANTI-ICE  CO.  TROL 


CABIN  TEMPERATURE 
CONTROL  VALVE 


CONDITIONED 
AIR  OUTLET 


Figure  6. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.    One  purpose  of  the  air  conditioning  package  is  to 
engine*  air. 


the 


2.    The  air  conditioning  package  provides  air  to  the  cockpit  at  the 
desired  temperature  by  mixing   and   air. 


ERLC 
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Answers  to  frame  9:    1.  cool;  bleed         2.  hot,  cold  0 
Frame  10 

For  the  remainder  of  this  lesson,  use  the  foldout  that  J<*  located  in 
the  back  of  this  text.    Fold  out  this  diagram  now. 

This  foldout  is  an  airflow  diagram  of  the  air  conditioning  system.  Use 
it  as  a  reference  for  component  location  within  the  system.    As  each  component 
is  discusser,  refer  to  this  diagram.    Most  frames  will  also  have  an  illustration 
of  the  component.    The  shaded  area  on  the  schematic  shows  engine  bleed  air 
and  conditioned  air  flowing  to  the  cockpit. 

The  bleed  air  taken  from  the  engines  first  passes  through  the  check 
valve,  item  1,  "hich  we  discussed  in  frames  6  and  7. 

NO  RESPONSE  REQUIRE. 


4 


11*3 


Frame  11 


The  air  conditioning  system  shutoff  valv_e  is  shown  as  item  2,     in  the 
foldoMt  and  in  the  illustration  in  this  framef    It  controls  th->  Meed  air 
going  to  the  air  conditioning  system.     When  the  valve  is  closed  there  is  no 
airflow  through  the  system.    When  the  valve  is  open    air  will  flow  through 
the  air  conditioning  system  to  the  cockpit.     The  syi  *era  shutoff  valve  illus- 
trated at  the  right,  is  a  sliding  9 
gate  type  valve  which  is  actuated 
by  a  115-volt  AC  motor.  It 
is  controlled  by  the  master 
switch,  item  17.     Wl  en  this 
b      ch  is  placed  in  the  CABIN 
PRLSS  position  the  system  shutoff 

valve  will  open.     Placing  the 

master  switch  in  the  R^M  DUMP 

position  will  close  the  system 

shutoff  valve.     This  valve 

is  located  between  the  air 

conditioning  package  and  the 

aircraft  engine. 


Figure  7.     System  Shutoff  vaive 


6 


Fill  in  the  blanks  to  complete  the  following  statemerits, 


is  the 


1.    The  unit  used  to  ,  ,„,rt,l  the  air  going  co  the  air  conditioning  package 


shutof,  va^e"  Sir'"  8UUCh  19  ln  PKESS  '»«»«•.  «s.c» 


3.     The  system      utuff  valve  is 


ac  tua  t  ed , 


12 


Answers  to  frame  11: 
electrically 

Frame  12  * 


1.  system  shutof f  valve 


i 


open 


motor  or 


lift 


The  heat  exchanger  is  shown  as  item  3  in  the  foldout  and  within  this  frame. 
It  is  used  to  partially 
cool  the  engine  bleed  air 
with,  ram  air.    Rim  air  is 
obtained  from  a  ram  air  scoop 
chat  extends  out  into  the  air 
st  ream.     Its  impact  pressure 
drives  the  cooling  ambient  air 
thrcJugh  the~heat  exchanger.  A 
cutaway  view  of  a  typical  heat 
exchanger  is  shown  at  the  right. 
It  consists  of  many  small  tubes 
through  which  the  bleed  air  pass 
Ram  air  is  circulated  over  and 
around  the  tubes  of  the  heat 
exchanger  at>d  cools  the  bleed 
air.    This  is  called  an  air  to 

air^  heat  exchanger.  The  heat  fro*  the  bleed  air  is  transferred  to  the  ram 
air.  This  heated  ram  air  is  exhausted  overboard.  This  is  the  first  stage 
of  cooling  within  the  air  conditioning  package. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.     The  purpose  of  the  heat  exchanger  is  to  partially  cool  the 


ENGINE  BLEED 


230°F 


Figure  8, 


2.    The  heaj  exchanger  cools  the  bleed  air  by  transferring  heat  to  the 


3.     The  heat  exchanger  is  the 


stage  of  cooling. 


13  1 


Answers  to  frame  12:  1. 


c  .^lne  bleed  air 


2.  ram  air 


3.  first 


Frame  13 

We, can  easily  compare  the  operation  of  a  heat  exchanger  to  that  of  a  car 
radiator.    The  hot  water  coming  from  the  engine  passes  inside  of  a  car  radiator. 
The  radiator  must  cool  the  water  and  send  it  back  to  the  engine  to  cool 
it  as  the  car  travels.    The  heat  from  the  hot  water  tu  the  radiator  is  carried 
away  by  the  ram  air  flowing  across  the  core  cf  the  radiator.    This  action 
cools  the  hot  water.     We  would  call  this  radiator  a  flwater  to  air"  type 
heat  exchanger. 

Fill  in  the  blanks  to  complete  the  following  statements. 
1.     The  car  radiator  is  compared  to  thje  aircraft 


2.     In  the  radiator  „  the  hot  water  is  like  the 
in  a  heat  exchanger. 


14 


1  ') 


2  OH 


Answers  to  frame  13:  1.  heat  exchanger 
Frame  14  v 

• 

On  some  heat  exchangers 
the  bleed  air  will  pass 
through  only  once.    On  other 
types,  che  bleed  air  may 
pass  through  two  or  more 
times.    On  the  trainer 
aircraft,  the  bleed  air 
passes  through  the  h^at  exchanger 
four  times,  as  shown  in  the 
illustration  at  the  right  and  Q 
as  item  3  in  the  foldout. 


2.  bleed  air 


nn 


figure 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.    The  heat  exchanger  used  on  the  trainer  type  aircraft  is  a 
pass  heat  exchanger. 


2.    A  double  pass  heat  exchanger  would  allow  the 
to  Wss  through  it  two  tioes. 


to  frame  14:    1.  four 


2.  l»leed  air 


Frame  15 


EAT  EXCHANGER 


COLO  Alt  OUT 


BLEED  AIR  INLET 


HOT  Alt  OVERBOARD 


TURBINE  ASSEMBLY 


\The  partially  turbine  pan 

cooled  bleed  ale  from 
the  heat  exchanger  la 
routed  tp  the  turbine  fan 
assembly,  items  4  and  5* 
The  turbine  fan  assembly 
consists  of  a  turbine  and 
fan  mounted  on  a  common  shaft 
as  shown  in  illustration 
"A."    The  bleed  air  goes 
in  the  turbine  inlet,  Illustration 
B,  where  it  is  directed 
through  several  small  nozzles 
onto  the  turbine  wheel. 
Tfce  pressure  of  the  air 
causes  the  turbine  to  rotate 
at  a  very  high  speed.  (Depending 
on  the  type  of  turbine,  speeds 
can  go  as  high  as  60  to  70,000 
rpm.)    The  air  is  expanded 

rapidly  as  it  passes  through     Turbine  Outlet  — 
the  turbine  assembly.  This 
rapid  expansion  of  the  air 
drops  the  temperature*  The 
cold  air  then  comes  out 
at  th*  turbine  outlet  Into 
a  duct  leading  to  the  cockpit. 
This  cooling  process  can 

be  compared  to  the  Figure  10, 

effect  noted  when  releasing 

air  from  an  inflated  tire.    As  you  may  recall,  this  air  usually  feels  cool* 
This  la  also  due  to  rapid  expansion. 

The  turbine  fan  assembly  is  the  second  and  final  stage  of  cooling  in  the 
air  conditioning  package*  * 

Fill  in  the  blanks  to  complete  the  following  statements* 

1.  The  turbine  cools  the  air  by  . 

2.  The  turbine  is  rotated  by  ?  • 


RAM  AIR 
DRAWN  IN 


< 


Turbine  Inlet 


3.    The  turbine  fan  assembly  is  the 


stage  of  cooling. 


16 
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Answers  to  frame  15:  1.  rapid  expansion 
or  fin»l 

Frame  16 

We  have  stated  that:  the 
turbine  and  fan  are  connected 
by  a  common  shaft*    This  is 
^\  shown  in  the  illustration   in  Figure  11. 
As  the  turbine  turns,  it  also 
turns  the  fan.    One  purpose  of 
the  fan  assembly  .is  to  pull  ram 
air  across  the  heat  exchanger, 
Ra^  air  comes  in  through  the 
rata  air  inlet,  item  6*,  and  is 
exhausteds  overboard  through  v 
the  ram  air  outlet,  item  7. 


m 

2.  air  pressure         3.  second 


TUKilNf  FAN 


FIOMMEAT 
EXCHANGE* 


v  Figure  11. 

EJUS   i. am  axL   uuixci,   x icw   /  •  ^ 

Remember,  during  ground  operation  the  aircraft  is  not  moving,  so  there  is 
no  ram  air  for  cooling*  in  the  heat  Exchanger.    The  fan,  which  is*  being  driven 
by  the  turbine,  draws  cooling  outside  air  through  the  heat  exchanger.  This 
air,  then,  cools  the  bleed  air  and  increases  the  cooling  efficiency  of  the 
turbine. 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.    One  pur pot e  of  the  fan  is  to  pul^. 
the  heat  exchanger • 


acrosp 


2.  The  cooling  efficiency  of  the  1   at  exchanger  is  increased  by  the 
action  of  the  . 

3.  The  fan  is  driven  by  the  . 


9 
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Answer,  to  frame  16:    1.  ram  air         2.  fan         3.  turbine 

Frame  17 

Another  purpose  of  the  fan  is  to  put  an  air  load  on  the  turbine.  The 
turbid  must  work  against  this  air  load.    By  making  the  turbine  work  against 
thl.  load,  the  turbine  speed  is  held  down.     This  is  another  purpose  of  the 
fan,  to  keep  the  turbine  from  overs peeding. 

The  fan    by  air-loading  the  turbine,  causes  the  turbine  to  work  harder. 
The  harder  the  turbine  works  the  colder  the  turbine  outlet  air  temperature 
becomes.    Here  is  why  .the  temperature  drops.    Heat  ene.*/  is  in  the  oleed 
air     This  heat  energy  is  the  energy  used  to  spin  the  turbine.    As  the  turbine 
spins,  the  heat  energy  is  used  up.     When  the  heat  is  removed,  the  result, 
an  absence  of  heat,  is  cold. 

Scientifically  speaking,  the  turbine  changes  heat  energy  into  mechanical 
eneray  which  is  transmitted  to  the  fan  by  their  common  shaft.     The  fan,  then, 
converts  the  mechanical  energy  back  into  heat  energy  which  goes  overboard 
with  the  ram  air.     The  air  comes  off  the  fan  much  hotter  than  when  it  was 
drawn  into  the  fan. 

To  summarize,  the  two  purposes  of  the  fan  are: 

1.  Puts  a  workload  on  the  turbine. 

2.  Prevents  the  turbine  from  overspeeding . 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Overspeeding  -f  the  turbine  is  prevented  by  the      _  .  • 

2.  Much  of  the  heat  taken  from  the  engine  bleed  air  goes  overboard 
in  the   .  _  • 
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Answers  to  frame  17:    1.  fan         2.  ram  ai^ 
Frame  13 

Match  the  unit  in  column  B  with  the  purpose  given  in  column  A. 


U9o 


COLUMN  A 

_1.    Stops  and  starts  the  flow 

of  air  to  the  air  conditioning 
package, 

2.  Partially  cools  the  bleed  air 
by  transferring  heat  to  the 
ram  air.  / 

3.  Draws  ram  air  across  the 
heat  exchanger. 

J\.    Drives  the  fan  and  causes  the 
air  to  be  rapidly  expanded. 

5.    Prevents  the  turbine  from 
overspeeding, 

_6.    Puts  a  workload  on  the  turbine. 

7.    Is  comparable  to  a  car  radiator 


c. 
d. 


COLUMN  B 

Turbine  Fan  Assenfcly 

Heat  Exchanger 

Air  Conditioning  System 

Shutoff  Valve 

Turtine 


f .  Fan 


ERIC 
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Answers  to  frame  18: 


1.    d    2.    b    3.     f  4. 


S    5.    f    6.  f    7.  b 


Frame  19 

So  far.  we  have  followed  the  air  from  the  eno-fneo  * 
studying  illustration  A  below)  through  the  air  cond ?t lonilT  tM\by 
valve,  then  through  the  heat  exchanged  and  furbln f  fln  aLf  hT^^  f 
the  cold  air  needed  for  cooling.  cold'  air       could  be  b el ow  El' 

oust  supply  some  hot  air  to  nix  with  this  cold  air.    We  can  J h  n         ,S°  We 
temperature  aLr  to  the  cabin.     Locate  the  cabin  temperature        ?  S?PPly  COmf°"able 
illustrated  in  A  and  B  below  and  in  the  foldout  (item  3)      If ^»  ValVe 
temperature  control  valve,  air  will  come  directlv  frl  lL  I,     !  °P6n  the  ' 
to  the  cabin.     Under  this  condition,  the  S^iL'rTn^.^SV^" 
quickly  get  very  hot.     If  we  close  the  valve,  all  the  air  till  hi  f  I* 
through  the  cooling  units,  (heat  exchanger  and  turbine)        "  t  °T4 
receives  only  cola  air.    By  controlling*^  opening  and* do^ng  of  tWs  1 
we  can  control  or  modulate  th*  t*mr,~~~+         /  ,  musing  or  this  valve, 

s  cir,  tne  valve  moVes  to  an  approximate  mid-position.   


HEAT  exchangee 


TO  CAIIN 


lEG£l  D 
HOT   31EED  AIR 
COOltD  AIR  • 


T  ENGINE 


Lrm_J 

I  CHfCK 
I  VAlVf 


CAIIN 

temp:batuie 

CONTIOt   VAtVf  A, 

CONDITIONING 
SHUTOFF  VALVE 

"A" 


"B" 


Figure  12. 


to  position  the  valve. J  ™1Ve-  ""tor  is  operated 

Pill  in  the  blanks  to  couplet,  the  following  statements. 

the  a?"  enLt/:hTcroct^tC^1r°^V'1Ve  18  »».«»"■  ^  of 

2.    uhen  cold  air  is  desired  in  the  cocknit    th*  - 
vaave  is  cocxpit,  the  temperature  control 


3.     Th*  temperature  control  valve  is  actuated  by  an 
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Answers  to  frame  19:    1.  hot 


2.  closed 


3.  electric  motor 


Frame  20  


A  few  lessons  earlier  we  mentioned  that  moisture  is  present  in  the  air. 
This  is  called  humidity.    The  removal  of  this  moisture  is  an  important  part 
of  air  conditioning.    When  air  is  cooled  by  the  turbine,  this  moisture  condenses 
The  outlet  Lemperatvre  of  the  turbine  can  drop  below  freezing,  thereby  causing 
fog  or  snow  to  enter  the  cabin  from  the  air  conditioning  outlets.  Ambient 
air  at  lower  altitudes  (10,000  feet  and  below)  contains  much  more  moisture 
than  does  the  air  at  higher  altitudes.    To  remove  this  undesirable  moisture 
from  the  conditioned  air,  a  water  separator  is  installed  in  the  system.  It 
is  shown  below  and  is  item  9  on  the  foldout. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  moisture  condensed  in  the  air  as  a  result  of  refrigeration  is 
removed  by  the    • 

2.  Should  the  pilot  report  a  fogging  condition  in  the  cockpit,  it  would 
Indicate  a  malfunctioning  . 


Figure  13. 


\\1> 


Answers  to  frame  20:    1.  water  separator    ,     2.  water  separator 

Frame  21 

The  water  separator  illustrated  below  contains  a  condenser  assembly  which 
consists  of  a  louvered  cone  and  a  fiberglass  blanket  (condenser  bag).  The 
cooled  moist  air  enters  the  air  inlet  and  passes  over  the  fiberglass  blanket 
where  the  moisture  is  condensed  into  water  droplets^    The  louvered  cone  is 
designed  to  cause  the  air  to  swirl  as  it  passes  through  it.     This  motion  throws 
the  water  droplets  against  the  water  separator  housing.    The  droplets  collect 
on  the  housing  and  drain  down  to  the  moisture  drain  where  it  is  passed  overboard. 
The  conditioned  air,  with  the  excess  moisture  removed,  flows  on  into  the  cockpit. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  excess  moisture  is  condensed  into  water  droplets  by  the 

2.  The  water  droplets  are  directed  against*  the  water  separator  housing 
by  the    _ 

3.  The  purpose  of  the  water  separator  is  to 


Figure  14. 
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Answers  to  frame  21:    1.  fiberglass  blanket 
3.  remove  excess  moisture 
Frame  22 

The  refrigeration  package  has  the  ability  to  reduce  the  air  temperature  to 
below  freezing.     This  could  cause  icing  in  the  water  separator.    Should  a  layer 
of  ice  form  on  the  condenser  bag,  (sometimes  called  the  blanket)  it  will  restrict 
the  airflow  to  the  cabin.     A  pressure  relief  valve  is  installed  to  allow  the  air 
to  bypas *  (go  around)  the  water  separator  condenser  assembly  should  the  blanket 
become  clogged  with  ice,  dirt,  or  any  other  substance.     This 'Valve  is  attached 
to  the  cone  assembly  as  illustrated  below.    The  pressure  relief  valve  is 
held  closed  by  spring  pressure.     If  the  blanket  becomes  clogged,  the  pressure 
of  the  air  will  overcome  the  spring  pressure  and  force  the  relief  valve  open. 
With  this  valve  open,  moist  air  is  allowed  to  pass  on  through  the  water  separator 
because  moisture  laden  air  is  certainly  better  than  no  air  at  all! 

CONDENSER 


Figure  15. 


Fill  in  the  blanks  to  complete  the  following  statements, 

1.    The  unit  which  allows  air  to  bypass  the  water  separator  is  the 


2.     The  pressure  relief  is  opened  by 


3.    If  the  blanket  froze  over,  the  pressure  relief  valve  would  open 
and  could  cause   in  the  cockpit. 

I 


2.  louvered  cone 


IM 
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Answers  to  frame  22:    1.  jgessure  relief  valve         2.  air  pressure 
3.  fogging 

Fr^me  23 

In  the  previous  frame  we  mentioned  that  the  water  separator  blanket 
could  freeze  over.     To  prevent  this,  an  anti-icing  system  is  built  into  the 
f.ir  conditioning  system.     This  system  consists  of  an  anti-ice  c.itroller, 
item  10,  and  an  anti-ic*  valve,  item  11  on  the  foldout.     Should  ice  start 
to  form  on  the  water  separator  blanket;  this  system  will  cause  the  air  temperature 
to  increase  and  melt  the  ice, 

4 

This  system  is  operated  by  air  pressure  only.     Should  the  water  separator 
start  to  freeze,  a  difference  in  air  pressure  will  be  sensed  by  the  anti- 
ice  controller.     This  difference  in  pressure  will  be  sensed  between  the  water 
separator  inlet,  point  B  on  the  foldout,  and  the  separator  outlet,  p^'nt 
C.     The  difference  in  pressure  between  these  two  points  will  signal  the  anti- 
ice  controller,  which  in  turn,  signals  the  anti-ice  valve.     This  system  melts 
the  ice  after  it  starts  to  form  rather  than  preventing  ice  from  forming. 
Other  systems  that  we  will  study  later  are  designed  to  prevent  ice  f  r  deforming. 

Fill  in  the  blanks  to  complete  the  followi^  statements. 

1.  The  anti-ice  system  consists  of  an  anti-ice  _       _  and  an  ant-l- 
ice   . 

2.  Icing  of  the  water  separator  is  sensed  by  a  difference  in  

between  the  water  separator  and    . 


24 

1218 


Answers  to  frame  23:  1.  controller,  ,*1  /e  2,  pressure,  inlet,  outlet 
Frane  24 


//?6 


The  anti-ice  valve, 
shown  at  the  right,  opens 
lo  allow  partially  cooled 
air  to  bypass  the  cooling 
turbine  and  mix  with  the 
air  entering  the  water 
separator.     This  air  has 
bean  partially  cooled  by 
the  heat  exchanger >  but 
in  still  warm  enough  to 
raise  the  temperature  of 
the  air  entering  the  water 
separator.     This  will  melt 
any  ice  that  has  formed 
on  the  blanket.    This  valve 
is  actuated  open  by  ^ir 
pressure  from  the  anti- 
ice  controller  and  is  spring 
loaded  closed. 


CCjiNbTANT  AMt  PRESS URfc  ^ROM 
AIR  CONDITIONING  DUCT 


AOUATO* 


All  FlC 


FfiOM  CONtHOUEl 


Figure  16. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.    The  unit  that  opens  to  allow  warm  air  to  enter  the  water  separator 
for  anti-icing  of  the  blanket  is  the 


2.    When  an  ici      condition  exists,  air  prejsure  will 
anti-ice  valve.  ^  ~~~ ' 


the 


3.     The  air  conditioning  pack  anti-ice  system  removes  ice  from  the  water 
separator  by  the  air  temperature  entering  the 


t2i  a 


nvt 

Answr  s  to  frame  24 :     1.  anti-ice  valve  2,  open  3,   increasing,  water  separator 

r.aiTie  25 


Hie  opening  and  closing 
of  the  anti-ice  valve  is 
controlled  by  the  anti- 
ice  controller  illustrated 
at  the  right.     The  anti- 
ice  controller  senses  the 
pressure  at  the  water  separator 
inlet,  point  B  on  foldoat 
1,  and  the  water  separator 
outlet,  point  C,  by  means 
of  sensing  lines,     A  difference 
in  pressure  between  the 
inlet  and  outlet  causes 
diaphragm  in  the  controller 
to  move.     This  opens  a  port 
that  directs  air  pressure 
to  open  the  anti-ice  valve, 
Thn  anti-ice  controller 
senses  an  icing  condition 
and  controls  the  position 
of  the  anti-ice  valve. 


jpstream 
pressuu 

sensinct 
Connection 


DOWNSTREAM* 

PR£SliJ!l 

^  CONNECTION 

# 


TO  AKTLICE 
VALVE  ACTUATOR 


F'gure  17. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Icing  of  the  water  separator  blanket  will  cause  a  difference  in 
across  the  water  separator. 

2.  'Tie  position  of  the  nnti-ice  valve  is  controlled  by  the 


3.     The  anti-ice    and  the  an'i-ice 

together  to  remove  ice  from  the  water  separator. 


work 


i 


2b 


9 
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Answers  to  frame  25:    1.  pressure  2.  anti-ice  control  lor  K*l$ 

3-  v^lve t  controller 

Frame  26 

*  * 

Match  the  units  in  column  B  with  the  purpose  of  the  unit  given  in  column  A. 

COl  Jhfi^A  COUSIN  B 

 1»    Removes  moisture  from  the  a.    Temperature  control  valve 

conditioned  air. 

b.    Water  separator  pressure 

  2*    Opens  to  allow  warm  air  relief  valve 

to  mix  with  cold  air  to  melt  ^ 
any  ice  that  has  formed  on  ^       c.    Water  separator 

the  va^r  separator. 

Anti-ice  controller 

 3.     Used  to  control  the  temperature 

of  the  air  entering  the  cockpit.         e.    Anti-ice  valve* 

4»    Senses  a  difference  in  pressure  f .     System  shutoff  valve 

between  the  inlet  and  outlet  of 
the  water  separator. 


5.    Allows  air  to  bypass  the  water 
separator  if  the  blanket  becomes 
clogged. 


4 
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Answers  to  frame  26:    1.    c    2.    e    3.    a    4.    d    5.  b 


Frame  27 


n$vAC 


5A  c/    OXYGCN  QUANTITY 

?  C  A  I  IN  CONDITIONING 


master  Switch 

A  ca,,n 


CaIin  T t mF 

CONTROi  SWITCH 


MAN  HiMAN 


In  frame  19  we  discussed 

how  the  air  *s  conditioned 

by  cooling  the  bleed  axr 

and  removing  the  excess 

moisture.    We  also  discussed 
1  the  temperature  of  the  air, 

and,  in  frame  19,  how  it 

is  controlled  by  positioning 

the  temperature  control  valve. 

However,  we  cannr*-  spare 

a  crew  member  to  continually  » 

manipulate  the  temperature 

control  valve  to  maintain 

a  comfortable  cabin  temperature. 

This  bringsjin  a  need  for 

an  automatic  temperature 

controller.    We  now  have 

a  temperature  control  system 

which  will  regulate  he 

fempereture  in  the  ockpit 

automatically  or  allow  the 

pilot  to  control  the  system 

manually.    A  schematic  of 
'the  tenperatuie  control  system  is  Illustrated  at  the  right.    It  consists  of 

the  following  components.  ( 

a-  Cabin  wemperature  control  switch. 

b.  Cabin  temperature  selector. 

c.  Cabin  temperature  sensor. 

d.  Duct  temperature  sensor. 

e.  Cabxn  temperature  controller. 

f.  Cabin  temperaf  re  control  va^e. 

Each  of  tl"se  components  will  be  discussed  in  detail  in  the  following 
frames. 


'VJCT  TEmF  CAIIN  TtMF 
SfNSOl  S'NSOl 


Figure  18. 
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Frame  28 

„  The  cabin  temperature  concrol 
switch,  shown  in  the  illustration 
at  the  right  and  as  item  12  on 
the  foldout,  is  used  to  provide 
automatic  and  manual  temperature 
selection.    This  switch  has  four 
positions,  AUTOMATIC,  MANUAL 
COLD,  MANUAL  HOT,  and  OFF.  When 
placed  in  the  AUTO  position,  115 
volts  AC  is  applied  to  the  cabin 
temperature  controller.  This 
will  cause  the  temperature  to 
be  controlled  automatically.  - 
When  this  switch  is  placed  in 
either  MAN  COLf)  or  MAN  HOT  the 
pilot  directly  controls  operation 
of  the  temperature  control  valve 
(item  8  on  the  foldoi/t).  The 
switch  is  spring  loaded  to  the 
OFF  position  when  using  MAN  HOT 
and  MAN  COLD.     This  means  that 
the  switch  will  not  stay  in  these  positions,  but  must  be  held  there.     In  manual 
operation,  if  the  pilot  desires  warmer  air,  he  can  hold  the  switch  in  MAN 
HOT  which  w.ill  cause  the  v^lve  to  operate  toward  the  open  position  as  long 
as  th«  .witch  is  held,  but  to  stop  when  the  switch  is  released.     If  colder 
air  is  desired  he  can  hold  the  switch  in  MAN  COLD  and  the  valve  will  travel 
toward  the  closed  position. 

Fill  in  the  A  anks  to  complete  the  following  statements. 

1.    The  switch  used  to  manually  control  the  cockpit  temperature  is  the 

abin 


CAllN  T{Mf 

CONTtot  Switch 


Figure  19. 


2.  Holding  the  cabin  temperature  control  switch  in  MAN  COLD  will  cause 
the  temperature  control  valve  to    (open/close). 

3.  When  the  cabin  temperature  control  switch  is  placed  in  AUTO,  it  directs 
5  volts  AC  to  the  cabin 


29 
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2.  closje  3.  temperature 
Frame  29 


The  cabin  temperature  selector, 
showr  in  the  illustration  at 
the  right  and  as  (item  13  on 
the  foldout,  is  used  to  select 
the  desired  temperature  during 
automatic  operation.    This  selector 
is  a  rheostat  and  forms  part 
of  a  temperature  control  bridge 
circuit.    It  qjlows  the  pilot 
to  select  the  temperature  he 
wants  to  maiirtain.    The  rheostat 
will  control  the  oeraturc 
control  valve  only  if  the  temperature 
selector  switch  is  in  the  automatic 
position.    The  cabin  temperature 
selector  and  theX^abin  temperature 
control  switch  are^both  located 
on  a  panel  in  the  cockpit. 

Fill  in  the  blanks  to  complete 
the  following  statements. 

1.    When  the  temperature  control  switch  is  placed  in  AUTO,  the  desired 
cockpittemperature  is  selected  by  rotating  the  :  


2.    The  cabin  temperature  selector  is  part  of  the  temperature  control 
cirtuit* 


3.    The  cabin  temperature  selector  is  a 


30 


Answers  to  frame  28:  1.  temperature  control  switch 
controller 


Opygen  Quantity 
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5  CAIIN 
> '  MCSSUH 


40F  AAj00f 
AUTO 
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CAIIN  TtWP 
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CAIIN  T{,*P 
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■ 

Figure  20. 


Answers  to  frame  29:  1.  cabi-__  l?i?p^rat_ure  selector 
Frame  30 


2*  ^rJLdS£  3.  rheostat 


The  cabin  temperature 
sensor,  shown  in  the  illustration 
at  the  right  and  as  (item 
14  on  the  foldout,  senses 
the  cockpit  air  temperature. 
Uiis  sensor  is  alto  part  of 
the  temperature  control  bridge. 
Its  purpose  is  to  sense  the 
te'mperature  in  the  cockpit 
and  send  this  signal  to  the 
controller  in  the  form  of 
a  resistance  signal.  Here 
is  how  it  is  done.     The  sensor 
contains  a  resistance  element 
which  changes  resistance  with 
changes  in  temperature.  This 
resirtance  element  forms  one 
of  the  bridge  circuit  of 
the  cabin  temperature  controller. 
This  sensing  element  has  a 
negative  coefficient  of  resistance. 
This  means  that  as  air  temperature 
arfound  >  he  sensor  goes  up, 
the  resistance  value  of  the 
sersor  goes  down,  and  as  the 


^"5vac  r  v 
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Figure  21, 


temperature  around  the  sensor  goes  down,  the  resistance  value  of  the  sensor 
goes  up. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.     As  the  temperature  around  the  sensor  goes  up,  the  resistance  of 
the  sensor  goes 


2. 
4. 

of  the  . 


The  cabin  sensor  sends  signals  to  the. 
An  open  in  the  sensor  will  mean  a 


(high /low)  resistance , 


An  increase  in  temperature  a-ound  the  sensor  will  cause  the  resistance 
nsor  to    (increase/decrease). 


n 
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Aaiwers  to  frame  30:  1.  down 
3.  high         4.  decrease 


2.  cabin  temperature  controller 


Frame  31 


The  duct  temperature 
sensor,  show  in  the  illustration 
at  the  right  and  as  (item 
15  on  the  foldout,  senses 
the  temperature  of  the  conditioned 
air  in  the  air  supply  duct 
before  it  passes  through 
the  water  separator.  The 
resistance  of  the  sensor  changes 
with  changes  in  air  temperature 
and  also  causes  a  signal 
to  be  sent  to  the  cabin  temperature 
controller.    This  sensing 
element  also  has  a  negative 
coefficient  of  resistance 
and  forms  a  part  of  the  temperature 
control  bridge  circuit. 


115VAC 


coi 


C  aB  in  T{mP 

control  Switch 


DUCT  TEm*  CAltN  TEMP 
SENSOR  SENSOR 


0 


\ 


The  purpose  of  the  duct 
temperature  sensor  is  to 
sense  major  changes  in  the 
air  temperature  before  it  ' 
enters  the  cockpit .    In  doing 
so,  it  prevents  extreme  temperature 
changes  from  occurring  in 
the  cockpit.    This  allows  the 

cabin  temperature  sensor  to  accurately  maintain  the  selected  temperature. 

Fill  in  the  blanks  to  complete  the  following  statements. 

f 

1.    The  cabin  and  duct  sensors  both  have  coefficients  of  resistance. 


Figure  22, 


2.     A  change  in  cabin  temperature  is  sensed  by  the 


3.  An  increase  in  duct  temperature  will  cause  the  sensor  resistance 
to          f  (increase/decrease). 

4.  The  temperature  selector  switch,  cabin  sensor,  and  duct  sensor  each 
form  a  part  of  the  temperature  control  • 


ERJC 
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Answers  to  frame  31:  1.  negative 
3.  decrease         4.  bridge  circuit 


2.  cabin  temp^raliLr5-  -5f.n'  nxL 


I3t0l 


Frame  32 

Remember  that  the  temperature 
selector,  cabin  temperature 
sensor,  and  duct  temperature 
sensor  each  form  part  of  the 
bridge  circuit.     This  part  of  the  bridge 
circuit  then  sends  signals 
to  the  temperature  controller. 
The  cabin  temperature  controller 
is  the  brains  of  the  system* 
Look  at  the  diagram  on  the 
right.    Notice  that  the  wiring 
from  both  sensors  connects 
to  the  controller.     Also  notice 
that  the  wiring  from  the  cabin 
temperature  control  valve  is 
also  connected  to  the  controller. 
Placing  the  cabin  temperature 
control  switch  in  AUTO  will 
send  115  volts  AC  to  the  controller.  c 
The  controller  receives  signals 
from  the  temperature  selector 
rheostat,  duct  sensor,  and 
cabin  sensor.     Based  on  these 
input  signals,  the  controller 
directs  electrical  power  out 
to  the  temperature  coptrol 
valve.    The  electric  motor  will  move  the 
required  position  and  maintain  the  tempe 
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Figure  23. 

temperature  control  valve  to  the 
rature  selected  by  the  pilot. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1%.     The  unit  which  automatically  controls  the  temperature  in  the  cockpit 
is  the     m   • 

2.  The  cabin  temperature  controller  receives  signals  from  the  cabin 
temperature  _   ,    '  sensor,  and  the  sensor. 

3.  The  cabin  temperature  controller  directs  electrical  powe*  to  control 
the  position  of  the   _  • 

4.  If  the  resistance  of  the  duct  temperature  sensor  increases,  the 
temperature  controller  will  receive  a   (cold/hot)  signal. 
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Answers  to  frame  32:    1.  cabin  temperature  controller         2.  selector, 
cabin,  duct         3.  cabin  temperature  control  valve         4.  hot 

Frame  33 

Match  the  units  in  column  B  with  the  purpose  of  the  unit  given  in  column  A. 


COLUMN  A 

Senses  temperature  of  the  air 
in  the  cabin  air  supply  before 
it  enters  the  cabin, 

_2.     Senses  temper  attire  of  the 
air  in  the  cabin. 

\ 

_3.    Allows  the  pilot  to  select 
the- temperature  he  wants 
to  maintain. 

_4.     Receives  signals  from  the 
sensors  and  selector  and 
positions  the  temperature 
control  valve* 

5.  Controls  the  mixture  of  hot  and 
cold  air  entering  the  cockpit 
to  maintain  a  selected 
temperatyre . 

6.  Provides  automatic  or  manual 
control  of  the  temperature 
control  valve. 


COLUMN  B 

a.  Cabin  temperature  controller 

bN  Temperature  selector 

c.  Temperature  control  valve 

d.  Duct  temperature  sensor 

e.  Cabin  temperature  sensor 

f.  Temperature  control  switch 

g.  Heat  exchanger 

h.  System  shutoff  valve 
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Answers  to  frame  33:    1.    d    2.    e    3.    b    4.     a    5,    £  1 
Frame  34 

In  the  previous  frames  we  followed  airflow  through  a  basic  air  conditioning 
system.    We  started  with  hot  bleed  air  from  the  engines,  cooled  it  by  directing 
it  through  the  heat  exchanger  and  through  the  turbine  fan  assembly,  and 
then  directed  it  into  the  water  separator  to  remove  excess  moisture.  Then 
we  discussed  haw  the  temperature  is  controlled  by  positioning  the  temperature 
control  valve  either  automatically  or  manually.     But,  the  pilot  also  needs 
a  means  of  obtaining  fresh  air  for  ventilation  should  the  air  conditioning 
system  fail.     If  the  pilot  needs  fresh  air,  a  ram  air  valve  is  provided. 
The  ram  air  valve  will  allow  outside  air  to  enter  the  cockpit.    This  will 
not  be  conditioned  air  and  may  be  cold  or  hot,  depending  on  outside  air 
temperature.  To  obtain  ram  air  ventilation,  the  raa^er  switch,  item  17  in 
the  foldout,  is  turned  from  CABIN  PRESS  to  RAM  DUMP.     This  closes  the  cabin 
conditioning  shutoff  valve,  item  2,  and  opens  the  cabin  ram  air  valve, 
item  16.     This  method  of  bringing  air  into  the  cockpit  is  normally  used 
only  in  an  emergency. 

NO  RESPONSE  REQUIRED. 


MOTOR 


U07 

The  ram  air  valve, 
illustrated  at  the  right 
(item  16  on  the  foldout)  , 
consists  of  a  115-volt 
AC  motor,  a  small  scoop, 
and  a  hinged  cap  that 
serves  as  a  check  valve. 
When  the  valve  is  actuated 
open,  the  small  scoop 
will  open  into  the  airs t ream 
allowing  ram  air  to  enter 

the  cabin.    When  the  Figure  24. 

scoop  is  opened,  the  pressure  of  the  ram  air  will  force  the  spring  loaded 
hinged  cap  open.     In  the  event  the  ram  air  valve  is  closed  and  is  turned  on 
again,  the  cap  will  close  to  prevent  a  loss  of  conditioned  airflow.  This 
is  another  scoop  than  the  one  mentioned  in  frame  12.    That  scoop  takes  in 
ram  air  for  the  air  conditioning  heat  exchanger.    After  picking  up  heat,  that 
ram  air  is  dumped  overboard.    The  ram  air  we  are  talking  about  here  is  for 
cabin  fresh  air  or  ventilation. 


SCOOP 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.    If  the  air  conditioning  system  should  fail,  the  pilot  can  receive 
outside  air  by  opening  the  . 


2.    The  ram  air  valve  is  actuated  by  an 


The  hinged  cap  serves  as  a 
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ExercisV  - 


mo 


Us  ing  i  red  pen  ^  i  1 ,   t  race  in  the  two  power  supp  ly  ci  re ui  t w  ,  one 
from  the  cabin  conditioning  circuit  breaker  to  the  master  switch  and 
the  other  from  the  cabin  air  valves  circuit  breaker  to  the  master 
switch.     Do  this  in  the  figure  below  at   t  ,iS  time.     Do  not  t race 
through  the  mas  er  switch. 


IKT    ft*  ft   PASE        S    A  !6l 


PHASE  c 


ISJAC 
400  CY 


i  CONDITIONING 

5 

 w  ?ca2:  

f\ —  w  wr  3 

J 

Ca6>n   A.fi  V  A^Vf  S  I 


L 


r 


t  y  m  j  3  ,* 1 


con  r»oi  p  Ast 1    sT  a    ^  : 


8AM  OtJV? 

CQm        O  M  5  *■  a  2  ? 

I       O-      -  H  <>    A  2  }   

■Hi      2  2— O^i^ 


'  o 


1  h  « iC  2  2 


-  m  0  8 : : 

-  w    2   «  , 


»  107V 


Afte:   tracing  t*  J  above  diagram,   turn  the  pag<i  ai>d  compare  the 
diagram  th^t  you  have  traced  with  the  diagt  >n  on  the   following  page, 


Ml 


Confirmation  for  Exercise  1: 


The  bold  lines  in  trie;  diagram  below  indicate  the  circuit  th  \t  you 
should  have  traced 

CUT  m ft       Hfct    $  7  A  1  63 


ft  -1030 


I 


■  H41C  72 

COM 

NO 

CAS.ri  FRfSSuaf 


If  your  diagram  was  correct,  continue  the  lesson*     Tf  not,  see 
your  instructor. 
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Exercise  J 


CABIN  AIR  VALVtS  CIRCLUS 


1.       Using  a  purple  pencil,  in  the  ngure  belov  tra-e  the  cr'n 
air  valves  circuits  and  temperature  cental  sMtrh  cir^r  tT. 
master  switch  in  the  CABIN  PRi.SSL  Rr.  position  cniv.     Aft.  -'era.  •-• 
tnese  circuits,  ~ roc eed  to  paragraph  2.  "  ^ 


2.       Using  a  brow,  pen.il,   in  the   fi._.re  below  trac--   th-  cabi. 
air  valves  circuits  with  C   e  master  switch   ir.   the  RAM  Dl  MP  position 


r      —  r*§  ~  —  ~  — I 

-  •    *  •    *  t  *  *   .  (  t 

-  .a;  •  • 


«00  < 


ft}- 


I 


3U«1# 
••O 


7    ■  i  7  1 


C*i      Mitt  »f 


ld—  -Si;; 


-1  Jl  1? 


urn   the  pa^e  and  corpau  the  dia4nu">   tu  i* 
the  dia^r^     on  the  fol loving  page. 


R  — iQ3» 


tr,i'        <a  i  th 


t  rae  e 


NVte:     In   tlu:  AC  motot   for   the  two   alt    valvt.-*  y.u<  ,n 
through   the  mic  roswl  t  ch .     Nov  tract  to  borh  sides  of  the 
capacitor  and  through  both  motor  windings  and  nut   tin  motor 
ground  wire.     In  rAC  motors,   cutrmt  mist  flow   through  both 
windiigb   if  it  is   to  open  or  clo     .     The   capadMr  picwMes 
the  ridded  phase   relationship  between    the  windings, 
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Confirmation  for  Fxereise  2: 


The  bold  lines  in  the  diagra1    below  indicate  the  circuits  tint  you 
should  have  traced  with  the  nasttr  switch  in  the  CABIN  PRhSSIKE  position 
ihe  dashes  indicate  the  circuits  with  the  master  switch  in  the  RAM  DUMP 
position.     Note  that  the  circuits  are  only  traced  from  the  master  switch 
to  the  val.es*     Power  was  traced  to  the  master  switch  in  the  previous 
d  i  ig  ram. 


it 


if  \  i " ,  have   t  rat  t  C  the  cj 
» r  r  t-   r,    «-f*e  veu  r  1  1 1 1-  *  ru 


^;r  it] 
or, 


3; 
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Exerc.  ise  3 


Using  a  purple  pencil,  draw  the  -a-ter  switch   in   the  cabin  pressure 
po^i'ion  and  the  cabin  rerp  control  switch   in  tne  off   position.  Nov 
drav  in  the  complete  circuit  in  the  figure  below  to  the  air  valves. 
You  wi.l  start  at   the  circui.  breakers  and  corple'e  the  circuit  *o  tV 
air  valve  grounds  and  chin  te^p  control  svitm. 


to--    j -  -  , 


f  »  t  »  • 


:1B 
It) 


f  O*      O-      -  i  •  «  J ) 
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ir-t]P   r[lt>  corit- 1  L    answer   tor  e.ich  f'cstidu  br Jnv. 
i.        I  he  B  iste.   s'viti'j         i      -vVf   pos  I  '.  ton   in  t    *•  ei  r*_  5    L  traced 


a 

D  . 


Hnr  hu  ^ 
Cal>i'i  Pn 


will 


Jp   thi*  c  i  r ■ 


Vu\i  [•  *w*    t  r  teed 


\\  in   ran  '4  i  r  va  1  -^e 


/  a  ,       o  p «  ; 
*  b.  cio- 

3.        In   tl*  « 
.hut  r»f  F   v  il  vc  will 


rl. 


"  r  *  t  >  anov   ,   t       c.»h ' 


1  ur  n   the  pa 4-'  a  *  i  c  o  ,r   r  .  t 
the  J  tag  ran  on   th*-    f  e » 1  j  *    fny  p 
above  questions  on   t»>.  fj\]^w)'.t' 


! «  k  r  -    t  ,  r  r  «i   •  i  witt 

A1       i  tit    r    vour    t e ->j." n'st's  to  t r^ 
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Confirmation  ror  Exercise  3: 


f  


 |<p^ — cm'~t{  ^mt,"~ 


•  Ittt  |»tic« 


.-•»<  j  j  — 
.•<■>•  ji 

i  * 

>t  »  ?  J 


••»».  ■  I 


i       i  ... 


CM© 

)»  77- 


KM  0  CC--I  t  'CM 


>>IJI  - 
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Heavy  bold  line  -  purple  pencil 


orrect  answers  to  the  questions: 
1.    b         2.     b  3.  a 

If  you  have  answered  the  questions  correctly  and  traced  the 
diagram  correctly,  proceed  to  exercise  4.     If  your  answers  are 
incorrect,  see  your  instructor. 
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Exercise  4 

Using  a  brow  pencil,  draw  the  mister  switch  in  the  ram  dump 
position.     Now  draw  in  the  complete  circuit  in  the  figure  below  to 
the  air  valves.    You  will  start  at  the  circuit  breakers  and  complete 
the  circuit  to  the  air  valves  grounds. 


jVir  *'•  »•  *n 

gv>>  £  ^„  aiJJ_( 


CM>*4  COmO'T.O*'* 


*  -1031 


^    Circle  the  correct  answer  for  e^eh  question  below. 

1.  The  master  sx^itch  is  in  what  position  in  the  circuit  traced 
above? 

a .       Ram  Dump . 

bo       Cabin  Pressure. 

2.  In  the  circuit  you  have  traced  above,   the  cabin   rani  Mr 
valve  vx 11 

a.  op^n. 

b.  close. 

3.  In   the  circuit  you  h.ive  tr-i      '  ab-Ve  ,   the  cabi  t  .      d  f  t  i  on  In* 
shut of f  valve  will 

a  .       o  t  e  n  . 
b.  cl^e. 

Turn  the  page  and  compare  the  dlap.rim  tT  f  you  h^ve  tt  jch|  with  *. 
diagram  on  the  following  page.  Also  check  your  responsts  to  t1.  ah-K-e 
questions  on  the  following  page. 
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Confirmation  for  Exercise  4: 


CCt  tat  Mn(i  |t*  t*| 
<**>«  CO«»'?»Cn.»« 


(II  «  «*»  »t*  «*4«l 


<*I>N  <O«40t«K7M9*t 
»«U*OM  V*i»| 

It*  «*• 


itI*C 

*#•  IT 


»l»*ll  1  »U-WI 

(*«M  4  4  VAtVfl 
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Correct  answers  to  the  questions: 


If  you  have  answered  the  questions  correctly  and  traced  the 
diagram  correctly,  proceed  to  exercise  5.     If  your  answers  are 
incorrect,  see  your  instructor. 
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Exercise  5 


MANUAt  HOT  TEMPERATURE  CONTROL  CIRCUIT 

Using  a  green  pencil,  trace  the  man ua  1  hot  temperature  control 
circuit  starting  at  the  temperature  control  switch  to  pin  E  of  the 
controller,  into  the  controller,  across  the  capacitor,  out  both  A 
and  B  pins  of  plug  142  to  the  temperature  control  valve.     Then  trace 
from  B  and  H  of  plug  809  through  both  motor  windings,  across  the 
common  ground  wire,  and  pin  C  of  plug  809  to  a  ground  connection. 


CAfttM  TCMfltATVftf   CO*T«OLLtJt    IT  A  IU 


£A«lN  MIMUR* 
AVTO 

*«o*£— mutt 

COMTftOL     -  * 
■WITCH 


™  11         ■  Hftlltl< 


Note:     The  cabin  temperature  control  valve  uses  AC  power  from 
only  phase  C.     Because  this  valve  uses  single  phase,  it  needs 
a  capacitor  across  it^  windings  like  the  cabin  air  valve  motors. 
The  capacitor  used  for  the  motor's  two  windings  is  located  in 
the  carin  temperature  controller.     Because  of  the  capacitor's 
electrical  location  in  the  circuit,  power;  will  phase  shift  , 
through  the  capacitor  and  down  BOTH  power  leads  to  the  motor 
to  open  or  close  the  valve. 

Turn  the  page  and  compare  the  diagram  that  you  have  traced  with 
the  diagram  on  th^  following  page. 

After  you  have  completed  tracing  the  n^nual  hot  circuit  ,  proceed 
to  exercise  6. 
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Confirmation  for  Exercise  5; 

The  bold  lines  in  the  diagram  belov  indicate  the  circuit  that  you 
should  bfve  traced. 


TCMtCIUTUIIt  CONTKOUtft   I7A  IM 


CM1N  MtMOftf 


90U9  ITAU  CiACUTt 

1 

r-  r 

«f 

t   o  fJlit  »C| 


CA8IM  TEMP  COMTMOC  VA'.^f 

•ta  no 


If  your  diagram  was  correct,  continue  the  lesson.     if  your  diagram 
is  incorrect,  see  your  instructor. 
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Exercise  6 


MANUAL  COLD  TEMPERATE.  CONTROL  CIRCUIT 

Using  a  black  pencil,  trace  the  manual  cold  temperature  control 
circuit  starting  at  the  temperature  control  switch  to  pin  H  of  the 
controller  and  from  the  controller  out  both  A  and  B  pins  to  the 
temperature  control  valve. 


Note:     Applying  AC  power  to  the  appropriate  side  of  the  capacitot 
will  control  the  direction  of  the  motor  rotation.     This   in  turn 
will  open  or  close  the  valve. 

After  you  have  completed  tracing  the  manual  cold  circuits, 
proceed  to  exercise  7. 

Turn  the  page  and  compare  the  diagram  tr  i  have  traced  with 

the  diagram  on  the  following  page. 


CWI  TWIWATUM   CO«TOCtLtW    IT*  iSl 


SOCIO  ITATC  CftCUTI 
Of  TXti  tox 


CA*  H  TEMP  CONTROL  VACvt 

OTA  no 
•o  tr — ■  1 
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Confirmation  for  Exercise  6; 

The  bold  lines  in  the  diagram  below  indicate  the  circuit  that  you 
should  have  traced. 


CAM  TWfWATUHt   CONTBOLLIU   |T*  (5) 


tOLI»  IT  ATI  eiacuTi 
IN  TMII  »OX 


CAim  phmum 
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HlTAft 
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COMTHOC  A 
»»tTCH 


MAN  MOT 


>        — ....  i 


NlllU- 
MAM  COLD 
hltltt 


ttsVj   m  f  k   c  t  J    La  i  o  f ) 


CAWN  TEMP  CONTROL  VAIVI 

»ta  no 

•01 


l<~MTUt2M— 


If  your  diagram  was   :orrect,  continue  the  lesson.     If  your  diagram 
Is  incorrect,  see  your  instructor. 
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Exercise  7 


temperature:  selector  switch 

The  temperature  selector  switch  is  a  manually  controlled  variable 
resistor  or  more  commonly  called  a  potentiometer.     It  is  used  to  choose 
the  temperature  that  is  wanted  in  the  cockpit  only  during  automatic 
operation.     It  does  this  by  either  increasing  or  decreasing  the 
resistance  in  one  leg  of  the  bridge  circuit.     In  the  sketch  below, 
not.e  how  the  resistance  is  increased  in  sketch  A  and  decreased  in 
sketch  B. 


Cold 


Manual ly  c on t rolled 
^     wiper  arm. 


Cold 


HOT 


HIGH  RESISTANCE 


Resis  tive 
material 


LOW  RESISTANCE 


The  point  at  which  the  wiper  arm  touches  the  resistor  is  called 
the  "control  point."    The  control  point  is  set  by  the  pilot  when  he 
puts  the  temperature  selector  to  the  temperature  he  wants  held.  The 
reference  to  "control  point"  is  important   to  remember  for  we  will  be 
referring  :o  it  again  when  we  talk  about  the  duct  temperature  sensor 

A  high  resistance  in  the  temperature  selector  will  cause  the 
system  to  call  for  cold  air.     A  low  resistance  in  the  selector  will 
cause  the  system  to  call  for  h_o_t  air. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  A  high  resistance  in  the  temperature  selector  calls  for 

air. 

2.  A  low  resistance  in  the  temperature  selector  calls  for 

air. 

3.  Tht^  point  where  the  wiper   arm  touches   the  resistor  is  called 
the      . 

Turr  the  page  and  cheek  your  answers.     If  your  answers  arc  correct, 
proceed  to  exercise  8.     IT  your  answers  are  incorrect,  see  your 
ins  t ruetor. 


15 

124~, 


im 


Answers  to  questions  for  Exercise  7;    1.    cold    2.    hot    3.    control  point 

Exercise  8 

SENSOR  OPERATION 

The  Censors,  since  they  are  part  of  the  bridge  circuit,  will 
-  have  a  small  amount  of  current  flow  through  both  of  them,    Now  thai 
we  know  this,  we  will  see  how  the  ambient  air  temperature  around 
each  of  the  sensors,  will  cau^  the  resistance  of  each  of  the  sensors 
to  change,  and  in  turn,  control  which  way  the  current  will  flow  across 
the  bridge.     This  is  the  action  we  want  and  also  what  will  cause  the 
system  to  run  hot  or  cold,  and  keep  the  right  temperature.     Do  not  , 
fcrget  that  both  of  the  sensors  have  a  negative  coefficient  of 
resistance.     An  increase  in  the  air  temperature  will  drop  the  sensors 
resistance.     A  drop  in  the  air  temperature,  will  raise  the  sensors 
resistance.     The  sketch,  as  shown  below,  may  help  you  in  not  forgetting 
wi    .  you  have  so  far  learned.     Sketch  A  shows  that  when  the  air  temper- 
ature goes  up,  the  resistance  will  go  down.     This  will  cause  more 
current  to  flow  through  the  sensor.     Sketch  B  shows  that  when  the 
temperature  gnes  down>  the  resistance  will  go  up,  and  this  will  cause 
less  current,  to  flow  through  the  sensor. 


B 


TEMPERATURE   »NCRfAS£,  RESISTANCE 
DECREASES    SYSTEM  CALLS  FOt  COLD 


TEMPERATURE  DECREASE,  RESISTANCE 
INCREASES    SYSTEM  CALLS  'OR  HOT. 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  If  the  ambient  i    •  temperature  around  the  sensor  goes  up, 
the  resistance  goes 

2.  An  increase  of  current  flow  through  the  sensor  will  call 
for  -   :  conditioned  air  from  the  air  conditioning  system. 

3-       A  decrease  in  current  flow  through  the  sensor  will  call 
for  conditioned  air  from  the  a  r  conditioning  system. 

4-       if  the  ambient  air  temperature  .round  the  sensor  goes  down, 
the  resistance  will  go 

Turn  the  Page  and  check  your  answers.     If  your  answers  are  cr  r^t 
Proceed  to  exercise  9.     If  your  answers  are  incorrect,  see  you"  i^tructor 
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Answer  to  E^er^ise  8:     1,     down    2.     cold    3.     hot    4.  up 


Exercise  9 

z      What  you  have  learned  so  far  is  the  normal  operation  of  the 
temperature  sensors  and  the  temperature  selector  in  the  automatic 
mode  of  operation.     What  will  happen  when  the  selector  and/or  sensors 
fail?    The  failing  of  these  should  be  a  short  or  an  open.     For  you  to 
find  out  what  happens  to  the  circuit  operation  vjith  bad  sensors  you 
must  keep  the  following  in  mind.   .The  sensor,  wllen  it  is  open,  has 
an  infinite  resistance.'   The  sensor  with  a  short  has  zero,  or  no 
resistance  in  it .   ^ 

9 

Do  not  forget  that  the  high  temperature  outside  the  sensor  will 
h^ve  to  change  the  resistance  in  the  sensor*     This  higb  temperature 
will  take  .it  to  a  normal  low  resistance  and  this  will  cause  the  system 
to  give  cold  air.     If  t/ie  sdhsor  had  a  shorty  it  would  go  to  a  unwanted 
low  resistance  and  call  for  ur.wanted  cold  air.     With  a  low  temperature 
outside  the  sensor,  the  resistance  in  ttye  sensor  will  go  to  one  of 
high  resistance.    This  change  to  a  high  resistance  will  .call  for  hot 
air.     Also,  an  open,  which  is  high  resistance,  will  tell  the  system 
to  call  for  unwanted  hot  air. 

Jf  you  have  a  short  or  an  open  in  the  cabin  sensor,  the  air  in 
the  cabin  will  get  either  full  auto  cold  or  full  auto  hot  from  the 
system.  t  4 

If  you  have  an  open  or  short  in  the  duct  sensor,  the  cabin  a^r 
will  receive  either  fall  auto  hot  or  full  auto  cold,  but  there  can> 
be  some  control  by  the  temperature  selector.     This  characteristic 
of  the  sensors  is  due  to  their  positi  -\  on  the  bridge  circuit. 

rs 

Answer  the  following  questions  T  for  true  and  F  for  false. 

1.  An  open  in  the  cabin  sensor  would  gi^e  a^signal  of  low 
resistance  calling  for  cold  air,   

2.  A  short  in  the  duct  sensor  will  give  a  full  cold  signal 
before  any  adjustment  is  made.   

3.  Cabin  temperature  sensor  is  fully  controllable,  even  if  it 
is  shorted  or  open. 


4.      A  shorted  cabin  sensor  gives  a  low  resistance  signal  calling 
for  cold  air.   

Turn  the  page  and  check  your  answers.     If  your  answers  are  correct, 
proceed  to  exercise  i.0.     If  your  answers  sare  incorrect,  see  your 
instructor. 
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Answers  to  Exercise  9:     1.     F      2f    T      3.    F      4^  T 

Exercise  10 

1RAINER  AIR  CONDITIONING  SUMMARY  OF  SENSORS  AN DJIXMEE RATU RE  SELECTOR 


UNIT            |  CHARACTERISTICS 

TYPE  OF  SIGNAL 

RESULTING  AIR 

Cabin 
Sensor 

Negay  ve^oe^f  f  ij^en_t 
In  automatic  wnen  tne 
unit  malfunctions  and 
is  not  controllable. 

,    High  resistance 
signal  or  an  open 

Hot  air  to  cabi* 
• 

Low  resistance 
signal  or  a  short 

Cold  air  to 
cabin 

Duct 
Sensor 

Negative  coefficient 
In  automatic  when  the 
unit  malfunctions  some 
control  is  possible 
with  temperature 
St  lector* 

n  l  g  n  i es is  Lance 
signal  or  an  open 

Hot-     a  ■(  r    t~  r\    n       A  \ 

nUL      CL±  L      \-  \J     L  <J  1 J  L  I 

LOW  icblbLaUCc 

signal  or  a  short 

 — —  /•  

Cold  ai^r  to 
cabin 

Temperature 
Selector 
(Potenti- 
ometer) 

In  automatic  operation 
when  this  unit  mal- 
functions the  circuit 
is  not  controllable. 

High  resistance 
signal  or  an  open 

Cold  air  to 
c  abin 

uow  resistance 
signal  or  a  short 

Hot  air  to  cabin 

Answer  the  following  statements  T  for  true  and  F  for  false. 
.1.       Full  auto  hot  air  to  the  cabin  indicates  a  shorted  tempera- 


ture selector. 


.2.      High  resistance  signal  in  the  duct  sensor  sends  a  signal 


-which  will  call  for  hot, 


J.      Fii^l  auto  cold  in  the  cabin  is  due  to  low  resistance  in  the 


cabin  sensor. 


.4.       Full  auto  cold  in  the  cabin  air  conditioning  is  due  to  a 


C 


open  in  the  cabin  temperature  selector. 

^  5.      The  cabin  and  duct  and  temperature  selector  work  exactly  alike. 

 6.       If  the  temperature  on  the  outside  is  higher,  then  the 


resistance  of  the  sensor  would  be  low. 

Turn  the  page  and  check  your  answers.     If  your  answers  are  correct, 
proceed  to  exercise  11.     If  your  an<=wprs  are  incorrect,  see  your 
instructor. 

18 


1"448 


wsm 


Answers  to  Exer-ise  10:     1.     T    2.     T    3.     T    4.     T    5.     F    6.  T 

^  Exercise  11 


AUTOMATIC  TEMPERATURE  CONTROL  CIRCUIT 


E^TUF 


You  ^ill  use  an  orange  pencil  to  trace  in  the  automatic  temperature 
control  ciVcuit.    You  must  start  to  trace  from  the  temperature  control 
switch.     Ntfw  you  will  tr«wre  from  the  control  switch  to  the  solid  state 
box  in  the  temperature  controller.    Next  you  should  trace  from  the 
solid  state  box,  down  the  two  leads,  to  the  temperature  control  valve. 
Do  not  forget  to  trace  both  leads.     Now  trace  in  .the  temperature 
selector,  and  both  of  the  sensor  circuits.     Do  not  forget  to  start  at 
the  ground  for  each  item  and  trace  it  to  the  solid  state  box.    We  will 
not  learn  the  solid  state  circuit  for  it  is  too  complex  for  you  at 
this  time.     You  do  not  need  to  know  the  way  it  works  to  be  able  to 
troubleshoot  the  rest  of  the  circuit. 
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Note:     See  notes  in  exercises  S  and  6. 

After  tracing  in  the  diagram  as  directed,  turn  the  page  and 
compare  the  diagram  that  you  have  traced  with  the  diagram  on  the 
following  page. 


ERIC 
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Confirmation  for  Exercise  11: 

The  bold  lines  in  the  diagram  below  indicate  the  circuits  that  you 
should  have  traced, 
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If  your  diagram  was  correct,  proceed  on  to  exercise  12.  If 
diagram  ic  incorrect,  see  yout  instructor. 


your 
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Exercise  12 

Check  your  understanding  of  the  system  operation  by  filling  irt 
the  blanks  to  complete  the  following  statements. 

1.  The  cabin  temperature  control  valve  is  actuated  by  a  

phase  AC  motor. 

2.  When  the  temperature  control  switch  is  placed  in  the  MAN  HOT 
position,  the  temperature  control  valve  will   (open/close). 

3.  The  two  modes  of  temperature  control  system  are   


and 


4.  To  operate  the  temperature  control  valve,  the  circuit  must  be 
complete  to    windings. 

5.  To  operate  the  temperature  control  system,  the  master  switch 
must  be  in  the     —  position. 

6.  The  temperature  control  system  receives  power  from  the. 

  circuit  breaker. 

7.  The  temperature  sensors  both  have  a   coefficient 

of  resistance. 

8.  When  the  air  conditioning  system  shutoff  valve  is  open,  the 
ram  air  valve  is  . 

Turn  to  page  23  and  check  your  answers.     If  you  have  answered 
the  questions  correctly,  proceed  to  exercise  i3.     If  you  have  answered 
the  questions  incorrectly,  review  the  past  12  exercises. 
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Exercise  13 


® 


Complete  the  following  statements  by  filling  in  the  blanks  below. 


1.      Only  hot  air  entering  the  cockpit  is  an  indication  of  a/an 
cabin  sensor. 


2.  A  shorted  cabin  sensor  will  cause  the  air  entering  the  cockpit 
to  be   ♦  • 

3.  An  open  or  shorted  duct  sensor  will  change  the   

  of  the  temperature  selector. 


4.  Both  sensors  have  a  fl       coefficient ;of  resistance. 

5.  When  the  duct  sensor  malfunctions,  the. temperature  can 
still  be  partially  controlled  by  the  ~   . 

6.  When  the    sensor  malfunctions,  the  temperature 

of  the  air  entering  the  cockpit  will  be,'  either  full  hot  or  full  cold 
and  cannot  be  controlled  automatically.! 

Turn  the  page  and  check  your  answers.     If  you  have  answered  the 
questions  correctly,  proceed  to  exercise  14.     Jf  you  have  answered  the 
questions  incorrectly,  review  the  past  13  exercises. 
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Anwwers  to  Exercise  12:     1.    single        2.    open        3.  manua 

4.     both        5.     cabin  pressure 


1220 

1  automatic 


6.  cabin  conditioning  7.  negative 
8.  closed 
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Answers  to  Exercise  13:     1.     open      2.     cold      3.     control  poijvt 
* •     negative    5 .     temperature  select or      6 .  cabin 

Exercise  14 

This  is  the  progress  check.     The  next  10  problems  will  not  be  done 
any  place  but  in  the  classroom  and  under  the  supervision  of  the 
instructor.    You  will  not  do  these  problems  in  the  barracks  or  at 
home.     You  must  identify  a  minimum  of  8  out  of  the  10  circuit  malfunc- 
tions correctly.     Your  instructor  must  '"heck  your  work  after  the  ten 
(10)  problems.     If  your  instructor  says  your  work  is  satisfactory, 
the  instructor  will  initial  your  work  allowing  you  to  progress.  If 
the  instructor  says  your  work  is  unsatisfactory,  it  will  not  be  ini- 
tialed and  you  will  follow  the  instructions  of   the  instructor.  To 
complete  the  progress  check,  you  must  identify  the  following  malfunc- 
tions with  the  numbered  troubles  from  foldout   1.     You  will  do  this  by 
writing  in  the  numbers  from  foldout  1  in  blanks  3  -  j  below.     Have  your 
instructor  check  and  initial  your  work  before  further  progression. 

Only  the  cabin  ram  air  valve  will  not  open. 

Automatic  and  manual  temperature  control  is  inoperative. 

Automatic  temperature  control  is  inoperative.  Manual 
operation  is  normal. 

Ram  air  valve  remains  open  while  the  air  conditioning  system 
operates  in  cabin  pressure  position. 

i 

Only  manual  HOT  control  is  inoperative. 
In  automatic,  only  cold  air  will  enter  the  cockpit. 

j  0 

Cabin  air  valves  will  not  open  or  close. 

The  air  conditioning  system  will  not  shut  down.     The  cabin 
ram  air  valve  operates  normally. 

In  automatic,  only  HOT  air  will  enter  the  cockpit. 

Cabin  air  conditioning  system  will  not  turn  on.     Cabin  ram 
air  valve  is  operating  normally. 

•      INSTRUCTOR'S  INITIALS 


This  completes  your  study  of  the  trainer  wiring  schematic.  Report 
to  your  instructor  and  tuxn  in  your  workbook  and  ask  the  instructor  to 
check  your  answers  to  the  above  problems. 


a . 
b. 

c , 

d. 

e . 
f . 

g- 

h. 

i. 
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Environmental  Pneudraulic  branch  3ABR42331-WB-129A 
Chanute  AFB,  Illinois 

TRAINER  AIRCRAFT  AIR  CONDITIONING 
SYSTEM  TROUBLESHOOTING 

OBJECTIVES 


Using  a  trainer,  electrical  diagram,  and  multimeter, 
troubleshoot  system  and  record  -a  minimum  of  four  causes 
for  five  malfunctions. 


EQUIPMENT 


Multimeter 
Grease  Pencil 
Cloth  Eraser 
Trainer  3301, 
System 


Air  Conditi  ling 


Basis  of  Issue 
1/ student 
1/ student 
1/ student 

1/ student 


PROCEDURE 

1.  REMOVE  ALL  JEWELRY.  Report  to  the  lab  instructor  and  inform 
him  or  her  of  the  lesspn  that  you  are  working  on.  The  instructor  will 
provide  you  with  the  materials  needed  for  this  lesson. 

2.  -Look  at  figure  1  on  page  3.  .This  figure  shows  the  trainer  that 
yo\i<!w±ll  be  wckin^  with  and  will  help  you  to  locate  the  various  components. 
You  must  be  able  co  locate  and  identify  each  component  to  correctly  perform 
the  operational  check  and  troubleshooting.    After  you  are  familiar  with  the 
trainer  you  may  continue  with  this  lerson. 

3.  Also,  when  you  leave  your  trainer  for  scheduled  or  unscheduled 
breaks  insure  the  following  steps  have  been  done  before  you  go. 

a.  Place  the  control  switch  to  the  off  position  and  pull  the 
two  circuit  breakers. 

b.  Secure  your  multimeter  during  this  period. 


for  storage. 


c. 

back  to  work. 


(1)  Insure  the  controls  are  set  on  the  proper  Settings 

(2)  Leave  the  test  leads  attached  to  the  meter  • 

(3)  Wrap  the  leads  around  the  meter. 

(4)  Place  the  meter  on  the  locker  shelf. 

When  you  return  from  the  break  take  the  same  meter  and  go 
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Figure  1.    Air  Conditioning  System  Trainer  Layout, 
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Project  i 


Troubleshooting  is  the  word  used  to  describe  a  mechanic's  locating 
^  mechanical  and  electrical  failure^.    This  -worksheet  is  designed  to  acquaint 
"you  with  a -basic  approach  to  troubleshootings    It  is  highly  unlikely  that 
any  two  individuals  will  tr&ibleshoot  in  exactly  the  same  manner.    You,  as 
an  Environmental  Systems  Specialist,  will  have  to  develop  your  own  technique 
as  you  gain  experience  on  thesys terns.    But,  regardless  of  the  technique 
used,  the  problem  must  firffoe  solved  in  the  troubleshooter 's  mind;  that ' 
is,  all  of  the  possibilities  are  thought  out  until  the  most  likely  one  is 
determined.  Q 

When  troubleshooting  electrical  failures,  the  multimeter  is  an 
essential  tool.    However,  the  mult  lifter  does  not  do  the  actual 
troubleshooting.    You  must  first  analyze  the  system  and  determine  the 
possible  causes.    Then  use  the  meter  to  verify  the  actual  cau&e. 

Circle  the  number  of  each  true  statement  below. 

1.  Troubleshooting  is  used  to  locate  mechanical  and  electrical 
failures* 

2.  The  multimeter  does  all  of  the  troubleshooting  for  you. 

3.  Analyze  the  system  for  possible  causes,  then  verify  them  with 
the  multimeter . 


4 


Answer 8  to  Project  1:    1_,  3^ 


PROJECT  2  ^ 

During  this  lesson  you' will  be  using  the  multimeter  to  test  for  voltage 
and  resistance  in  the  circuits  and  components.    In  previous  lessons  you  were 
taught  how  to  use  the  multimeter.    The  quiz  below  will  help  you  recall  how 
to  use  the  multimeter. 

Before  completing  the  quiz,  open  the  meter,  and  prepare  it  for  use. 

Usfngrthe  meter  as  an  aid,  fill  in  the  blanks  to  complete  each  of 
the  following  statements. 

1.      The  Ohms  scale  is  colored   


2.  The  negative  prob*  is  colored    . 

3.  When  checking  por  resistance,  the  trainer  power  must  be  turned 


4.  The  multimeter  is  used  for  testing   and 

resistance. 

5.  The  aC  volts  scale  is  colored  * 


6.  When  checking"?^ resistance,  the  function  selector  must  be 
set  on   and  the  range  selector  to  the  desired  ohms  range. 

7.  Tc  test  a  115  volt  AC  circuit,  the  function  selector  must  be 
fet  to   and  the  range  selector  to   ;  . 

8.  .If  an  accurate  reading  is  to  be  obtained  with  the  ohmmet<*r, 
it  must  be" 


is. 


Answer,  to  Project  2:    1.  fireen   2.  black   3.  off   4.  yoltafie    5.  black 

6.  ohms     7.  AC,  2SQ  volt a  scale    8.  zeroed 

 — — =  

PROJECT  3 

Before  we  continue  with  the  use  of  the  multimeter,  we  need  to  learn 
how  the  twiner  air  conditioning  system  is  operating.    Let  s  do  this  by 
making  an  operational  check.  \^*~ 

> 

OPERATIONAL  CHECK  PROCEDURES 

1.  Melee  sure  all  trouble  switches  at  the  left  end  of  the  trainer 
are  in  the  OUT  position,  and  the  trainer  power  switch^Located  in  the 
upper  left  hand  corner  is  placed  to  the  OFF  position. 

2.  Insure  the  trainer  power  cable  is  connected  to  an  AC  outlet, 
and  make  sure  all  circuit  breakers  on  the  trainer  are  pushed  in. 

3.  Place  the  trainer  power  switch  to  the  ON  position^ 

\  4.     Place  the  following  switches  to  the  positions  listed  below. 

Master  switch  to  CABIN  PRESS  position. 
Temperature  control  switch  to  OFF  (center)  position. 
Temperature  selector  switch  (potentiometer)  to  the  60°  position. 

Note-    As  you  perform  each  of  the  following  steps,  place  an  X  in 
Se  blank  frovJded  that  correctly  indicates  the  valve  position. 

5.  Place  the  master  switch  to  the  RAM  DUMP  position. 

a.  Cabin  ram  air  valye  Opened   closed  • 

b.  •  Cabin  conditioning  shutoff  valve  opened   closed   . 

6.  Place  the  m*  *er  switch  to  the  CABIN  PRESS  position. 

a.  Cabin  ram  air  valve  opened   closed   • 

b.  Cabin  conditioning  shutoff  valve  opened   closed   . 

7       With  the  master  switch  still  in  the  CABIN  PRESS  position,  hold  the 
cabin  temperature  control  switch  to  the  MANUAL  HOT  position. 

The  temperature  control  valve  is  now  moving  open   

close  

8.     Hold  the  cabin  temperature  control  switch  to  the  MANUAL  COLD 


poaitlon. 
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The  temperature  control  valve  Is  now  moving  open 
cloae   .   

9.      Place  the  cabin  temperature  control  switch  to  the  AUTO  position. 

10.  Rotate  the  temperature  selector  (potentiometer)  to  the  HOT  (100°) 
position. 

The  cabin  temperature  control  valve  is  now  moving  open 
close  .   

11.  Rotate  the  temperature  selector  to  the  COLD  (40°)  position. 

The  cabin  temperature  control  valve  is  now  moving  open 
close  . 

12.  Place  the  master  switch  to  the  RAM  DUMP  position. 

The  ram  air  valve  opened   closed   ,  and  the 

cabin  conditioning  shutoff  valve  opened   elosed 


13.     With  the  master  switch  still  in  the  RAM  DUMP  position,  place 
the  temperature  control  switch  to  each  of  the  following  positions  and 
observe  the  temperature  control  valve. 

MANUAL  HOT  position,  MANUAL  COLD  position,  and  AUTO. 

Did  the  cabin  temperature  control  valve  operate  with  the  switch  in 
any  of  the  positions?    Yes   No 


This  completes  the  operational  check  procedure,  now  compare  your 
answers  to  those  below.    This  way  you  will  know  that  the  trainer  is 
operating  normally. 


Anxvara 

to  Project  3: 

5. 

a,  opened 

b.  closed 

6. 

a.  closed 

t? .  opened 

7. 

open 

8. 

close 

9. 

open 

10. 

close 

12. 

opened,  closed 

13. 

no 

If  all  of  your  answers  agree  with  the  ones  given  above,  you  are  ready 
to  begin  troubleshooting.    If  you  do  not  agree,  perform  the  operational 
check  again  or  *sk  your  Instructor  for  assistance. 
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PROJECT  4  ^ 

In  the  previous  lesson  you  learned  about  the  sensors  and  the  potentiometer 
and  vfcat  happens  if  they  malfunction.    This  knowledge  is  essential  for  you 
to  do  effective  troubleshooting.    Let's  see  what  you  remember. 

Complete  the  following  statsments  by  filling  in  the  blanks. 

1.  Only  hot  air  is  entering  the  cockpit  in  automatic.    This  would 
be  an  indication  of  an   cabin  sensor. 

2.  An  open  duct  sensor  will  change  the  control  point  of  the  _. 

3.  A  shorted  cabin  sensor  will  cause  the  air  entering  the  cockpit 
to  be  .  , 

4.  Both  sensors  have  a  ^  coefficient  of  resistance. 

5.  A  shorted  will  change  the  control  point  of 

the  potentiometer. 

6.  An  open  in  the  potentiometer  circuit  would  cause   air 

to  enter  the  cabin. 
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An*wer»  to  Project  4s    1.  open  2.    potentiometer    3.  cold    4.  negative 

5.  duct  senaor    6.  cold 


PROJECT  5 

You  should  recall  from  the  previous  lesson  that  the  sensor&_&nd  the 
potentiometer  are  variable  resistors.    To  check  then,  we  use  the  ohms 
portion  of  the  meter. 

Procedure  for  checking  resistance  of  the  sensors  with  a  multimeter. 

1.  Place  the  trainer  power  switch  to  the  OFF  position. 

2.  Set  the  meter  Function  Selector  to  Ohms* 

3.  Set  the  range  selector  switch. 

Note:    The  easiest  part  of  the  scale  to  read  is  near  the  center 
of  the  scale.    Use  the  range  setting  that  will  place  the  needle 
near  the  center  when  reading  the  resistance  according  to  the 
sensor  resistance  values. 

4.  Isolate  the  bridge  circuit.    You  do  this  by  disconnecting 
the  cannon  plug  at  the  section  marked  188  on  the  cabin  temperature 
controller.    This  process  is  to  disconnect  all  the  components  of  the 
bridge  for  individual  ohm  check.    You  did  this  same  type  of  exercise 
when  you  pulled  out  the  junction  pins  on  the  bridge  circuit  trainer 
in  the  lab. 

6.  Locate  the  cabin  sensor  on  the  wiring  diagram.    Notice  that 
the  circuit  coming  from  ground  goes  through  pin  B  of  the  cabin  sensor, 
out  pin  A,  and  then  to  pin  C  of  the  controller. 

7.  Now  locate  the  cabin  sensor  on  the  trainer .    Place  one  multi- 
meter lead  In  plug  105,  pin  B,  and  the  other  lead  in  pin  A.    This  circuit 
is  Illustrated  below. 


Figure  2.    Checking  Sensor  Resistance. 
8.     Read  the  resistance  and  record  it.  ■ 

9  126B 


9.      Nov  locate  the  duct  sensor  and  measure  its  resistance. 


Duct  sensor  resistance  is  ohms, 

10.      Both  of  these  resistance  values  should  be  between  16,000  and 
47,000  ohms.    If  the  values  you  have  recorded  are  not  within  this  range, 
ask  the  instructor  for  assistance. 

How  that  you  know  the  resistance  of  the  sensors  you  can  use  this 
information  during  troubleshooting.  When  you  check  them  again  during 
troubleshooting  they  should  have  close  to  the  same  resistance  values. 

To  check  out  the  cabin  temperature  selector  you  must  isolate  the 
bridge  circuit  by  disconnecting  plug  188  and  then  ohm  out  the  potentiometer 
You  must  connect  the  meter  leads  at  ground  and  either  Pin  S  on  plug  26  or 
Pin  A  on  plug  188.    The  resistance  should  vary  on  the  meter  when  the 
temperature  selector  is  rotated.    If  it  does  not  show  any  resistance 
you  have  a  short  in  the  potentiometer. 

When  troubleshooting,  if  you  get  a  zero  (0)  reading  on  the  meter, 
it  means  the  sensor  is  shorted,  "if  you  get  an  infinity  («)  reading  on 
the  meter,  it  means  the  sensor  is  onen. 

Complete  the  following  statements  by  filling  in  the  blanks. 

1.  Trainer  power  should  be  turned  ]  when  using  the  ohmmeter. 

2.  If  the  meter  indicates  zero,  it  means  the  sensor  is   . 

3.  If  the  meter  indicates  infinity,  it  means  the  sensor  is  ,u  » 

4.  When  checking  for  ohms,  the  function  selector  must  He  set  to 


5.  To  check  sensors  and  potentiometBrs,  you  should  use  the 
  portion  of  the  multimeter. 
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Answers  to  Project  5:  1,  ofjf    2.  shorted    3.  open   4.  ohms    5.  ohms 


PROJECT  6 

Nov  letfs  find  out  how  to  check  a  wire  for  resistance/  Normally  a 
wire  has  extremely  small  resistance,  and  the  ohmmeter  should  read  zero. 

Locate  wire  number  H54A22  on  the  wiring  diagram.    This  wire  connects 
the  cabin  sensor  to  the  controller.    An  open  in  this  wire  would  be  like 
having  an  open  In  the  cabin  sensor. 

Check  the  resistance  of  wire  number  H54A22  by  performing  the 
following  steps. 

Note:    Anytime  you  find  a  need  to  troubleshoot  in  the  bridge 
circuit  be  sure  to  isolate  the  circuit  with  plug  188  and  then 
ohm  out  the  circuit. 

1.  Place  the  trainer  power  switch  to  the  OFF  position? 

2.  Set  the  function  selector  to  OHM£. 

3.  Set  the  range  selector  to  ft  x  100  and  zero  the  mater. 

4.  Put  one  lead  In  pin  "C"  connection  at  the  controller  and 
the  other  lead  In  pin  "A"  connection  at  the  cabin  sensor.    This  test 
circuit  is  illustrated  below. 


oooo 


Figure  3.    Checking  Wire  Resistance. 

If  the  meter  reads  zero  (0)  the  wire  is  good.    If  the  meter  reads 
other  than  zero,  It  either  has  an  opeft  or  a  high  resistance. 

Complete  the  following  statements  by  filling  in  the  blanks. 

1.  A  good  wire  has   resistance. 

2.  Whan  using  an  ohmmeter,  the  power  switch  should  be 


3.     Whan  measuring  the  resistance  of  a  wire,  if  the  meter  reads  other 
than  zat&  the  wire  Is   or  has  a  high 


U 


1268 


Answers  to  Project  6:    1,    small  (zero)    2,  off    3*  open,  resistance 


PROJECT  7 

Host  of  your  troubleshooting  will  be  done  using  the  voltmeter 
portion  of  the  multimeter.    The  only  time  you  should  use  th*  ohmmeter 
is  for  checking  the  sensors  or  potentiometer  circuits  (bridge  circuit). 

To  illustrate  this  point,  let's  make  a  comparison*    Locate  the 
master  switch  on  the  trainer.    This  switch  controls  the  air  conditioning 
shutoff  valve*    Locate  the  shutoff  valve.    On  the  trainer  it  would  be 
possible  to  check  the  wire  from  the  master  switch  to  the  shutoff  valve 
w  ?h  an  ohmmeter.    But  let's  compare  this  to  the  same  circuit  on  the 
T-38  aircraft  by  noting  the  illustration  below.    On  the  actual  aircraft 
this  valve  is  several  feet  from  the  switch.    Imagine  the  difficulties 
one  man  would  have  in  checking  this  same  circuit  from  the  cockpit  to  the 
shutoff  valve  with  an  ohmmeter. 


Figure  4.    Voltmeter  or  Ohmmeter? 

To  prepare  yourself  for  troubleshooting  circuits  on  the  aircraft, 
USE  THE  VOLTMETER  FOR  TROUBLESHOOTING  THE  TRAINER  CIRCUITS*    Use  the 
ohmmeter  for  checking  the  sensor  or  rheostat  circuits  only. 

Complete  the  following  statements  by  filling  in  the  blanks* 

1.      To  check  the  sensor  and  potentiometer  circuits,  you  should 

use   . 

2m      For  most  of  your  troubleshooting,  you  should  use  the 


3.     An  ohmmeter  is  always  used  to  check   and 


4.  The  most  practical  meter  used  when  troubleshooting  is  the 
 #  12 

126.9 


Answers  to  Project  7:    1.    ohmmeter       2.  voltmeter 

3.    sensors  and  potentiometer     4.  voltmeter 


PROJECT  8 

Before  using  the  multimeter  to  check  voltage,  let's  see  if  you  know 
how  the  system  operates  normally.    Run  through  an  operational  check  again. 
Start  with  the  switches  in  the  normal  positions.    Go  back  to  project  3 
for  the  procedure  if  necessary. 

When  you  are  sure  you  know  how  the  system  operates  normally, 
perform  the  following  steps. 

1.  Place  trouble  switch  number  1  to  the  IN  position. 

2.  Place  the  trainer  power  switch  to  the  ON  position. 

3.  Perform  an  operational  check  to  determine  which  component 
does  not  operate  properly. 

Note:    You  should  have  found  that  the  air  conditioning  shutoff 
valve  did  not  open. 

4.  Using  the  grease  pencil  and  the  wiring  diagram  on  the  trainer, 
trace  the  circuit  from  the  cabin  air  valves  circuit  breaker  to  the  open 
side  of  the  shutoff  valve. 

^    Note:    The  diagram  below  illustrates  how  the  circuit  should  look 
when  traced  on  the  diagram. 

CABIN  CONDITIONING  SHUTOFF 
  VALVE 

CAIIN  AIR  VALVES 

afi — 


MASTEI 

SW. 


CAIIN  MESS 


Figure  5.    Circuit  Tracing. 

5.     Analyze  the  circuit  to  determine  why  the  valve  didn't  open. 
Ask  yourself ,  Where  would  an  open  be  that  might  prevent  the  valve  from 
opening. 


V 
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PROJECT  9 

Nov  let's  use  the  voltmeter  to  see  if  you  were  right. 

1*     Leave  the  trainer  power  switch  ON.    Check  the  wiring  diagram 
£nd  determine  the  type  of  voltage  you  will  be  measuring.    The  voltage 
is  indicated  at  the  circuit  breaker  on  the  wiring  diagram. 

2.  Set  up  the  meter  for  checking  this  voltage. 

3.  When  you  are  checking  for  voltage,  the  black  lead  (negative)  is 
always  connected  to  ground.    Locate,  on  the  trainer,  the  small  metal  strip 
marked  AIRCRAFT  GROUND.    Place  the  black  lead  in  this  ground,  and 

leave  it  there  while  checking  for  voltage.    This  metal  strip  represents 
the  frame  of  the  aircraft.    When  checking  for  voltage  on  the  aircraft, 
the  frame  (metal)  of  the  aircraft  is  ground. 

4.  Pladb  the  red  lead  (positive)  in  pin  Al  of  the  shutoff  valve. 

Is  there  power  at  pin  Al?,    Yes    No   

You  should  have  answered  NO.    There  is  no  power  at  pin  Al, 
but  there  should  be. 

5.  Nov  trace  the  circuit  back  and  find  the  next  check  point.  This 
is  pin  "J"  on  control  panel  26.'  Place  the  red  lead  in  pin  "J."    Is  there 

power  at  this  point?    Yes    No   

You  should  have  answered  YES,  there  should  be  power  at  this  point. 

Complete  the  following  statements  by  filling  in  the  blanks. 

1.  There  is  an  open  in  wire  number   . 

2.  The  voltage  for  the  circuit  checked  is   

3.  You  had  the  function  selector  on  


4.  You  had  the  range  selector  on   . 

5.  The  color  of  the  meter  scale  you  used  is   . 

6.  On  the  aircraft,  any  part  of  the  frame  can  be  used  as  an 


7.      When  measuring  voltage,  the  lead  that  ^°es  t0  ground  is  the 
lead. 


MY? 

Answers  co  Project  9:    1.  H60B22    2.  110  -  120  volts  AC    3.  AC  volts 

4 .  25£    5 .  black  6 .  ground    7 .  black  (negative) 


PROJECT  10 

While  performing  the  steps  in  projects  8  and  9,  you  have  actually 
completed  troubleshooting  one  malfunction.    Let's  review  the  steps 
you  followed  after  placing  the  trouble  in  the  system. 

Step  1:      Perform  an  operational  check. 

Step  2:      Determine  the  malfunctioning  component  and  how  it  malfunctioned 
(the  valve  wouldn't  open). 

Step  3:      Trace  the  circuit  on  the  wiring  diagram. 

Step  4:      Analyze  the  circuit  for  possible  causes  (which  wire  could 
be  open  or  which  unit  could  be  defective) . 

Step  5:      Use  the  multimeter  to  verify  the  possible  causes  and 
determine  the  actual  cause. 

Performing  the  operational  check  is  a  step-by-step  procedure  used 
to  cause  all  components  to  operate.    This  procedure  is  given  to  you  in 
project  3.    When  working  on  an  actual  aircraft,  this  procedure  is 
given  in  the  technical  order. 

To  determine  the  malfunctioning  component  you  must  know  how  each 
component  is  supposed  to  operate  normally.    Then  you  observe  each 
component's  operation  to  see  if  it  does  operate  normally. 

Tracing  the  circuit  on  the  diagram  helps  you  select  the  circuit 
or  circuits  that  are  involved  in  operating  the  malfunctioning  component. 
This  is  the  first  step  in  isolating  the  problem. 

Analyzing  the  circuit  for  the  possible  causes  requires  you  to  consider 
all  of  the  available  information  (symptoms).    Let's  review  the  analysis  for 
trouble  switch  number  1.    Folio*,  on  the  diagram  as  we  analyze  this  problem.  * 
From  the  operational  check  we  found  that  the  air  conditioning  system  shutoff 
valve  would  not  op#n>  but  the  ram  air  val^  does  open  and  close.  With 
this  information  %»  know  the  circuit  bringing  power  to  the  master  switch 
is  good*    Since  the  problem  is  "the  valve  won't  open,"  we  cm  assume  the 
close  circuit  to  be^good.    This  leaves  our  possibilities  to  be  wire  number 
H60B22,  wire  number  H60A22,  the  ground  wire,  or  a  defective  valve  motor. 

After  determining  the  possible  causes  through  analysis,  the  meter  is 
used  to  determine  where  power  is  and  find  Che  actual  cause. 
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PROJECT  11 


Troubleshooting 

Apply  the  t lv€  steps  of  troubleshooting  <to  determine  the  cause  for 
the  trouble  la  esch  of  the  problems.  You  are  to  complete  the  remaining 
3  practice  problems,  before  you  do  your  progress  check.  Each  problem 
is  placed  Into  the  trainer  by  one  of  the  trouble  switches.  The  trouble 
switches  you  are  to  use  are  not  in  numerical  sequence  *  check  the  chart: 
on  the  following  page  for  the  trouble  switches  to  use. 

Mote:    When  troubleshooting  the  manual  temperature  control  system, 
be  sure  you  hold  the  temperature  control  switch  in  either  the  manual 
Hot  or  manual  Cold  position. 

Mote:    Anytime  you  find  a  need  to  troubleshoot  in  the  bridge  circuit 
be  sure  to  isolate  the  circuit  with  plug  188  and  then  ohm  out  the 
circuit. 

Troubleshoot  the  system  and  determine  the  cause  for  the  trouble  in 
each  of  the  problems.    Place  only  one  trouble  switch  to  the  IN  position  $ 
for  each  problem.    Start  with  problem  number  written  in  by  the  instructor. 
After  completing  each  problem,  be  sure  to  place  the  switch  for  that 
problem  to  the  OUT  position. 

Record  your  fix\j*fgs  for  each  problem  on  the  chart.    We  have 
completed  problem  number  1  and  the  information  has  been  filled  out. 

When  you  have  completed  the  3  practice  problems,  report  to  the 
instructor  and  the  instructor  will  check  y:ur  answers.    If  you  are 
correct,  you  are  ready  for  the  progress  check. 

Note:    When  you  find  a  HIGH  RESISTANCE  in  a  malfunctioning  circuit, 
be  sure  that  you  have  the  circuit  isolated  that  is  showing  the 
HIGH  RESISTANCE.    This  may  be  done  by  disconnecting  the  unit 
electrical  plug. 
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On  the  chart  below  liat  the  following  information. 

In  block  A,  name  the  unit  that  is  malfunctioning. 

In  block  B,  state  how  the  unit  is  malfunctioning  -  example:  *ill 
not  open,  will  not  close,  will  not  operate  in  automatic. 

In  block  C,  state  the  actual  cause,  giving  the  wire  number  or 
unit  and  whether  it  is  w  open  or  a  short  or  high  resistance* 

m      After  you  go  over  the  first  problem  which  was  done  for  you,  do  the 
next  three  practice  problems  and  have  the  Instructor  check  your  work 
when  you  are  done. 

Vote:    Use  only  the  trouble  switch  that  is  given  by  instructor 
for  each  problem. 


PROBLEM  NUMBER  1   TROUBLE  SWITCH  1 

A   Air  Conditioning  System  Shutoff  Valve  

B    Will  Not  Open  

C    Wire  IH60B22  Open  


PROBLEM  NUMBER  2  TROUBLE  SWITCH 

A  ^  


PROBLEM  NUMBER  3  TROUBLE  SWITCH 


A 


PROBLEM  NUMBER  4  TROUBLE  SWITCH 


A 


B 


C 


Student  complete  the  following  (print) 
STUDENT  NAME 


LAST  FIRST 
DATE  THE  PROGRESS  CHECK  STARTED 


PROGRESS  CHECK 

You  oust  locate  4  causes  for  5  malfunctions  (5  problems) . 
Each  problem  has  a  tocal  of  5  pts 
A  -  1  pt. 
B  -  1  pt. 
C  -  3  Bt.^ 

Over  the  whole  progress 'check  you  cannot  miss  more  than  a  total  of 


5  pts. 


PROBLEM  NUMBER  1  TROUBLESWTTCH  NO. 


PROBLEM  NUMBER  2  TROUBLE  SWITCH  NO. 


A 


B 


PROBLEM  NUMBER  3  TROUBLE  SWITCH  NO. 

A  

b  ;  


PROBLEM  NUMBER  4  TROUBLE  SWITCH  NO. 


A 

• 

B 

e> 

C 
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PROGRESS  CHECK  (Cont'd) 


PROBLEM  NUMBER  5  TROUBLE  3 WITCH  NO. 

A  

B  

C   


\ 


1  O  —  n 
*     /  n 

1/ 


If  you  have  satisfactory  completed  the  progress  check,  store  your 
multimeter  and  trainer  in  the  following  way. 

1.  .Place  all  trouble  switches  toggles  to  the  out  position.  These 
are  located  on  the  left  side  of  the  trainer. 

2.  Push  in  circuit  breakers  and  turn  on  trainer  power. 

3.  Place  the  master  switch  in  cabin  pressure  position  with  red 
cover  also  down* 

4.  Place  the  cabin  temperature  control  switch  to  the  center  off 
position. 

5.  Place  the  trainer  power  switch  in  df f  position. 

6.  Pull  out  all  the  circuit  breakers  (2)  two  each. 

7.  Push  in  the  work  table  on  the  trainer. 

8.  Insure  all  your  training  literature,  pencils  etc  are 
taken  with  you  when  you  leave  the  lab. 


9.      Insure  your  trainer  and  the  area  around  it  is  clean  before  you 
leave  the  lab., 

10.     Properly  store  and  sign  in  your  multimeter  before  you  leave  the 

lab. 
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